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NOTICE

This report was prepared as an account of Government sponsored
work, Neithe- the United States, nor the National Aeronautics and
Space Administration (NASA), nor any person acting on behalf of
NASA:

A. Makes any warranty or reprcsentation, expressed or im-
plied, with respect to the accuracy, completeness, or
usefulness of the information contained in this report, or
that the use of any information, apparatus, method, or
process disclosed in this report may not infringe privately
ownied rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, appara-
tus, method or process disclosed in this report.

As used above, ''person acting on behalf of NASA" includes any em-
ployee or contractor of NASA, or employee of such contractor, to
the extent that suck employee or contractor of NASA, or employee
of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employmeént or contract with NASA,
or his employment with such contractor,
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National Aeronautics and Space Administreation
Scientific and Technical Information Facility
P.O. Box 33 o )
Coilege Park, Maryland 20740 -
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AXIAL FLOW COMPRESSOR DESIGN COMPUTER PROGRAMS
INCORPORATING FULL RADIAL EQUILIBRIUM
PART II—RADIAL DISTRIBUTION OF TOTAL PRESSURE AND FLOW
PATH OR AXIAL VELOCITY RATIO SPECIFIED (PROGRAM III)

by

H. F. Creveling and R. H. Carmody
SUMMARY

The technical objectives of the contract included generating a computer
programmed compressor aerodynamic design system which accounts for full
radial equilibrium of the flow, including streamline curvature and radial gra-
dients in total enthalpy and entropy. It was desired that the design system
have the:capability of producing design information for given annulus geom-
etry or, alternatively, computing annulus geometry along with aerodynamic
design information. These capabilities are available as alternative options
in the computer program described herein. The option in which design is
performed: for given annulus geometry is:designated as Modification I; the
option designated as Modification II requires input of axial velocity ratio at
the mid- streamline for each rotor and stator, and establishes annulus geom-
etry -subject to certain limitations described later in this report. The re-
sulting design-point computation is iterative, with efficiencies determined
through the use of correlated blade element profile loss data and the loss
associated with a normal shock in the blade passages, where appropriate.
The computer program is written with "buffer" storage capacity for up tc
ten sets of profile loss parameter data, each set including hub, mean, and
tip data for diffusion factor values between 0 and 1.0, These profile loss
data sets are elected by the program user for any given design calculation
from a master file of up to 999 profile loss parameter sets. In this program,
energy addition is determined through specification of the profile of total
pressure at each rotor exit, and through specification of limiting values on

{ive aerodynamic parameters for each stage. These aerodynamic parameters
are;

1. Rotor tip diffusion factor

2, Stat‘or' hub diffusion factpr

?o. Stator hub Mach number

4, Rotor hub Jr';elative exit angle

5. Rotor tip exit whirl velocity
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The program accepts design input data for a specified maximum number
of stages and, barring any error messages from the calculation, computes
aerodynamic performance until either the maximum number of stages is
reached or the specified overall pressure ratio is attained. The design com-
putations may be based on 5, 7, 9, or 11 streamlines, at the user's option.
Hub and tip blockages are input separately, at each axial station, as the un-
blocked fraction of local geometric annulus area. The program user has the
capability of specifying the total mass flow at each axial calculation station.
Any changes in mass flow are distributed proportionally among all stream-
tubes involved in the design computation.

The ¢ .mputation and the corresponding program logic are developed in
detail in Appendix A (System of Equations and Computations) and Appendix C
(Program Flow Charts). The Fortran IV .Source Deck listing of the computer
program is shown in Appendn B.

Input format and the preparation of required input data are presented in

Appendix D, along with the data set describing two sample design problems.

Appendix E- illustrates the format of program output, through presentation
of the computed results for both sample design problems.

INTRODUCTION:

As a part of Contract NAS3-7277 for the NASA-Lewis Research Center,
four axial flow computer programs were developed. The first (Reference 1)
assumed s1mp1e radial equilibrium of static pressure and constant efficiency
radially—limits are specified on hub and tip ramp angles, axial velocity
ratio across blade rows, rotor hub and stator tip loadings, rotor exit rela-
tive flow angle, and stator hub Mach number; the veloc1ty diagram and stage-
by-stage perforinance are calculated

" The second program (Reference 2) accounts for complete radial equilib-

- rium of flow. Losses are evaluated on the basis of blade element loss pre-

diction methods. Radial distribution of energy is specified as a polynomial

.. variation of whirl velocities at the exit of each rotor blade row; rotor tip

loadings are specified as are limiting values of rotor hub relative exit
angles, stator hub Mach numbers, stator hub load:ngs, and the compressor
flow path, .

A th1rd program, Arial Flow Design Program I, was developed under
this contract and is reported herein. Program II! differs from Program II
in that the radial distribution of energy is established by specifying the poly-
nomial variation of total pressure at the exit of each rotor blade row, and
there is the option of specifying either the flow path or the axial velocity
ratios and calculating the resulting flow prth, Frogram III also offers the
option of specifying as blade element data €ither the flow angle at the shock
or the ratio of supersonic to total turning, to calculate values of shock loss
coefficient, c
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SYMBOLS

Note: The primary symbols are illustrated schematically in Figure 1.

a

A B,CDE

2 0 0«

8

sonic velocity, ft/sec

constants in total pressure profile and whirl velocity poly-

nomials

axial spacing of computational stations, in,

specific heat at constant pressure, BTU/lb,,-R®

diffusion factor; total derivative

blade force on gas, lbf/lby,

constants, variously defined in Equations (A-38) through
(A-40) and in Equations (A-43) through (A-45)

universal gravitational constant, 32.174 ft-1b,y, /1bg-sec

enthalpy, BTU/lb,,
conversion factor, 778 ft-1b,/BTU
overall compressor axial length, in.

Mach number

- molecular weight, lb,,/mole

axial station index

number of axial stations
R - Ry

fraction of blade height, RTg " RHg‘

2 abs

pressure, lbg/in,
heat transfer rate, BTU /lbm- sec :

radius, "in.

total pfe ssure ratio

ajth rotor 2

2
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3

gas constant, ft-lbg/lb,, -R®
entropy, BTU/1b,,-R°®

ith stator

tune, sec

temperature, °R

wheel speed, ft/sec

fluid velocity, ft/sec

mass flow rate, 1b,,/sec

fraction of blade span

axial coordinate, in.

ramp angle, degrees

air ar_1g1e, measured from engine axis, degrees
ratio Vof specific I;eat;s

blockage; unblocked fraction of annulus area
change; final value minus initial value
;a\diabatic efficiency

circumferential coordinave, r:adiar;s -
Prandtl-Meyer angle, degrees

density, 1b,/ft3 | :

solidity -

air turning angle, .degreves

angular spéed, radians/second

blade total pressure loss coefficient
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Subscripts
1

2

Z

Superscript

rotor entrance station

rotor exit station

stator exit station

effective value (of hub or tip radius)
geometric value (of hub or tip radius)
hub section

ideal

designates value of variable at reference streamline
limiting value

maximum yélue

profile

rotor, radial component

stator; stage

shock

supersonic

tip section

total

whirl component

axial component

relative value of a variable




Streamlines

4576-1
Figure 1, Schematic presentation of symbols.
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TECHNICAL DISCUSSION

The Modification I/II program, bearing Allison identification Q-4F, ac-
counts for full radial equilibrium including iradial gradients in tctal enthalpy
and entropy. Specific heat is treated as a function of temperature with the
exception of the computation of shock loss, where cp is assumed constant;
elsewhere in the calculation, all integrations involving cp in the integrand
are performed for variable Cp. The program will not calculate supersonic
axial flows; a check is inade at the mean strecamline of each axial station and
the computation is terminated whenever an axial Mach number grea‘rer than
1.0 is encountered in three consecutive passes of the calculation.

For use of Mod I, the program requires description of the flow path
geometry, including location of all axial stations, plus hub and tip blockages
at all stations. The computation of adiabatic efficiencies uses blade profile
loss parameter data input as a function of diffusion factor for hub, mean,
and tip sections. This profile loss data is interpolated and extrapolated to
any point along the blade length by means of a second degree curve fit,
Shock loss is computed at each streamline position by means of tlie shock
model of Reference 3, using the ratio of supersonic turning to total turning
input as a function of blade span for each blade row, or alternatively using
input- specified values of flow angle at the shock.

Tor use of Mod II, where stage flow path geometry is established by
computation, the inlet geometry is input as for Mod I. For each blade row,
limits on hub and tip ramp angle must be given, along with an initial value of
aspect ratio (difference in inlet geometric radii, divided by axial length) and
the ratio of exit axial velocity to inlet axial velocity for the row a’ ti.e mid-
streamline. Hub and tip ramp angles {(ay and +7) are shown in Figure 1,
The computation of annulus geometry for any given blade row begins with the
specified initial value of aspect ratio and ap = 0. In any required reduction
of annulus area at the exit of a blade row, aj is first increased to its limit
value, if necessary, Next, a is increased to its given limit value, and, if
necessary, tue aspect ratio is finally reduced by an appropriate amount, to
achieve the required level of exit axial velocity. Under no circumstances is
a positive value of a permitted. Inasmuch as Mod Il car rield irregular
geometry, depending upon input constraints, the curvature of streamlines
can produce severe gradients in flow properties and result in failure of the
calculation with appropriate error messages printed asut. Input of reasonable
constraints is discussed further in Appendix D. Adiabatic efficiencies are
computed as in Mod I,

As mentioned in the summary, the program draws its input-specified
profile loss data sets from a master file or library of up to 999 loss-data.
sets, This master file appears as permanent data and is located at the rear
of the program deck; this library of loss data sets is the only information
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stored as permanent data. Up to ten of the profile loss-data sets may be
selected for use in any one compressor design calculation, Each loss~-data
set consists of 20 values of profile loss parameter (@, cos8.)/20 for each
of the hub (10% span), mean (50% span), and tip (90% span) sections. These
60 values of loss parameter appear on 5 cards; each card consists of 12
fields of 6 columns each. The values of loss parameter for the hub secticn
are entered first; next the values for the mean and tip sections. At each
blade section, values are entered corresponding to increasing values of dif-
fusion factor. The program automatically assigns the 20 loss-parameter
values at any blade section to the 20 diffusion factor values 0, 0.1, 0.15,
0.20, 0.25, ..., 1.0,

Acrodyrnamic Jdesign of each stage is governed by specified limiting
values for each of five a°rodynL nic design parameters. These parameters
are:

1. Roterr tip diffusion factor

2. Stator hub diffusion factor

3. Stator hub Mach number

4. Rotor hub exit relative flow-angle

5. Rotor tip exit whirl velocity -

The program prov‘des“ two alternative logic paths ensuring that the in-

- put-specified limiting values of these parameters are not viclated in any

stage. The program user may elect to: (1) drive the calculation to satisfac-
tion of the most restrictive of its aerodynamic limits at each stage or (2) ad-
just the calculation at each stage so that all aerodynamic design parameters
for that stage are less than or equal {o their specified 11m1t1ng values.

PROGRAM DESCRIPTION -

The basic equations of motion which govern the three-dimensional flow

of an iaviscid compressible gas through a turbomachine have been derived in
many reports such as Reference 4, -

The pertment equations for steady ax1symme+r1c flow in cylindrical co-
ordmates are:

= Continuity Equation

1 3(PRVR) 3PV ) ~
R or ‘a3z =0 , (1)
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Radial Equation of Motion

E')Ht aS Vg E«(RV{}) E\VZ ﬁVR
eI 3R “&FR* 8ITZR* R "ok VZ \aR ~ oz (2
Circumferential Equation of Motion
0 1 d3(RVp) d(RVyg)

= e — |y ———

&Fp-R|YRT3R *VZ7 5z (3
Axial Equation of Motion )

oHg 3S Vg a(RVy) 3Vz 3R
I3z ~ &zt EITZ TR oz T VR|BR Tz @
Energy Equation
DH D(RYV,
DH; _ o, _w D(RVg) (5)
Dt gJd Dt

(& :‘;

Gradient of Entropy . ;
DS_Q : (6)

Dt T

Condition of Integrability
2 (Fz)_ 3 (Ir -
AR \RF, " 9Z \RFy

- Equations (1) through (7) relate eight unknowns in Fr, Fg, Fz, VR, Vg,
VZ, S, and H,. ’

The compressor design analysis considered for this study considers full
radial equilibrium and radial gradients in total enthalpy and entropy. The .
simplifying assumptions are:

1. Only stations between blade rows are to be considered; therefore,

FR, FO' and F, are zero.

2. Heat transfer is zero therefore Q is zero.

Y Nl

3. Consideration need be given only to the radial equation of motion. .

_ With these assumptions, Equations (3), (4), (6), and (7) are eliminated. -
Equation (1) is then rewritten for convenience as .

9 :
4
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w=2r [ PVZRdR (8)

and Equation (2) is then written as:

Ty R
~ 2
2 2_ / w2 -v2) -2 f ALY
VZ - Vz9=2g.d cp (T)dT - (Vg - ¥ R
j
R R
3S / (aVR>
-2gJ f T— dR + 2 [ Vyz|—>-] dR, (9
Ec AR Z\ 2z g
Rj Rj

where the subscript j here refers to the reference streamline used in the in-
tegration. The energy equation bechmes

g.J (AH) = © A(RVjp) * ‘ (10)
As outlined earlier, the program user may elect to solve this system of

equations by specifying flow path geometry or, alternatively, by computing
the annulus geometry for each designed stage using specified mid-streamline

‘axial velocity ratio plus specified constraints on flow path. Energy addition

for a stage is established using a profile of total pressure at the rotor exit,
given in the form

Py A

_ 2 ;

Pt"—B+p+C+Dp+Ep , | (11)
L

and limiting values for the aerodynamic design parameters of each stage.
Adiabatic efficiencies are computed through use of input profile loss data and
the shock loss across a normal shock in the blade passage (Reference 3),

With blade inlet conditions known, exit velocity conditions are then com-
puted iteratively through Equations (8) and (9) for Mod 1. For Mod II, where
exit axial velocity at the mid- streamline is established through the given
ratio for a blade row and the known inlet axial velocity, Equations (8) and (9)
are used to establish the exit annulus area required to satisfy continuity and
radial equilibrium at the blade row exit. Hub and tip ramp angles and aspect
ratio are varied in the sequence outlined earlier.
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The primary objective of this computer program is to calculate design
parameters and performance in accordance with full radial equilibrium and
with efficiencies determined from input blade element profile loss data,
while ensuring that the specified limiting values of the five aerodynamic
stage design parameters are not violated in any stage. During iterative
solutions of Equations (8) and (9), efficiency and energy addition are revised
as required to achieve this objective.

The detailed procedure to accomplish the objectives of this program and
the development of the program logic to automate this design performance
analysis are discussed in the following subsection. A detailed suminary of
the calculations is given in Appendix A.

DEVELOPMENT OF PROGRAM LOGIC

The given functional form for total pressure at the rotor exit and the
specified limiting values for thr five aerodynamic design parameters com-
bine to control the energy addition in any given stage. The limiting values
of the aerodynamic parameters each represent a corresponding limiting
value of rotor exit whirl velocity at the streamline where the parameter is
specified. One of these five values of whirl velocity is most restrictive on
stage design and is used in conjunction with efficiency and with the specified
form for rotor exit total pressure to establish stage energy addition.’

At a point in the stage design computations, limiting values of the aero-
dynamic parameters may be used to establish stage energy addition, using
current axial and radial velocities and current efficiency. Using the given
limiting values of DSH, MSH andﬁ'zH, it is possible to compute three values

for rotor effective hub exit tangential velocity. On the assumption tha* all
aerodynamic parameters increase monotonically with one another and with
local tangential velocity, the lowest of the three values of t-mgential velocity
just computed is used to compute a rotor hub total temperature rise. With
rotor entrance conditions and current rotor effective hub efficiency, this is
used to compute rotor effeciive hub exit total pressure. The polynomial de-
scribing Pt/Pty for this rotor is used to establish a value for Pyp directly.

Now, separately, the limiting value for DR is used to compute a value
for tangential velocity at the rotor effective tip exit. This value is compared
with the fifth aerodynamic design parameter, the given maximum value of
rotor effective tip exit tangentia. velocity, and the smaller of the two values
used along with the current rotor effective tip efficiency to establish a second
value of Py, The smaller of the two computed values of Py is taken, and

the given total pressure profile is used to establish a distribution of Py at the
rotor exit. The current distrikbution of efficiency yields the distribution of
total temperature and the associated rotor exit tangential velocity distribution
directly.

P
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The methods of rewriting the expressions for the limiting values of stage

+serodynamic parameters to solve for rotor exit values of Vp are developed in
Appendix A.

1. The expression for the rotor tip diffusion factor is

et

t
P

v U - Vy. -Ug +V
D = 1 0 - t + r;
Ry \Zi 20 R, Vg ; p
which rearranges to I .
2 2
T T ]
where l
-2 + K -
.. (UzT F) ;
| 1.0-k2 ]
2 2 2 2 ;
v + + - -
Z2T U2T VR2T F ] ;
W = 5 :
1.0 - K Z
K= :
2
Uy -V, -U g
Therefore, - ' ‘
2 - - %
-G +VNG” -
Voo = 2 (13) '

where the calculation is restricted to positive, real roots. When the
limiting value of rotor tip diffusion factor is used to evaluate F, the
chosen solution of Equation (13) represents a critical value of rotor tip

exit whirl veloc1ty. satisfying the hmmng value specified for rotor tip
diffusion factor,

2, The expression for the stator hub diffusion factor is

12 <
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Vv Vy - Va
D 1.0 H ’H °H (14)
Sgy = L.V -
H VzH 20 SH V2H
which rearranges to
Vi, +GVp, +W=0 -
H H
where
- 2 KF .
G= S
F“-1.0 5
¥
2 2 2 =
AY/ ' :
K ZZH RZH E
W= 2 ;
F4-1.0 =
1/2 0 3 3
2 2 2 H
Vzy, * Vo3, VRs ] e k-
H H H Sy p
K= 1.0- D %
1 i
F -
20 SH (DS 1.0)
Hence,
v -6 +Va? - aw (15)
H

where the calculation is again restricted to positive, real roots. Using
the limiting value of Dgy to evaluate K and F, the resulting solu on of

Equation (15) represents a critical value of ng , based on the specified
limit for Dgy in the given stage, H

3. The expression for the stator hub Mach number is

A
2y
aSH

MSH =

13




I AR < R it B < 0

1/2 '
2 2 2 2
V,., = 1\15 ag. . - (VZ + VR ) (16)
2 [ H “SH 24 2y
If the limiting value of stator hub entrance Mach number is used in
Equation (16), there results the corresponding critical value of Vy 25

4., The relative exit flow angle at the rotor hub is expressed as

Vo
0
2y

2 2 1/2
v +v

z R
( 2y ZH)

1

! -
B = tan
2

it follows that
! 2 2 1/2 ‘ol
vV = [V +V an (17
02, ( Zoy RZH) tan (B3.)

and
' ,
Vo =U -V (18)
2 0
2y H 2y
. '
7The limiting value of 32 may be used to solve for the corresponding
- - H

critical value of Vy P
H

!

The computer program satisfies the stage aerodynamic design param-
eters in either of two optional ways. The user may elect to: (1) reduce the
energy addition for any stage whenever necessary to avoid violation of any of
the limiting values specified for the five aerodynamic parameters or (2) use
the most critical of the five limiting aerodynamic parameters tc establish the
energy addition for each calculation pass in each stage of the compressor,
The latter or "drive' option ensures that each stage of the final compressor
design will satisfy the critical one of the five specified limiting values of de-
sign parameters. The ''no drive'" option ensures only that no designed stage
will exceed any of its specified limits,
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The radial profile of axial velocity at an axial station is obtained by
using the tangential velocity distribution in the radial equilibrium equation
(9), and carrying out the integration from a reference streamline j to all
other streamlines. For inlet and Mod I stage design computations, the term
V.2Z serves as the constant of integration and must be adjusted to satisfy con-

1
tinuity; VZJ- is established by trial and error at each axial station, for each

pass of the design computation. For use of Mod II, the reference streamline
j in any blade row is also taken as the mid-streamline, where axial velocity
ratio is given. Thus, the inlet axial velocity and the given ratio fix the exit
axial velocity at the mid-streamline, and the blade row exit annulus dimen-
sions are established iteratively according to the previously described sequence
of ramp angle and aspect ratio adjustment seeking simultaneous satisfaction of
radial equilibrium and continuity.

The program begins a design computation by reading in the specified
data on which the design is to be based, including: (1) the coefficients de-
scribing ¢y variation with temperature, (2) the loss data sets elected from
the master file, and (3) data basically describing the machine to be designed,
including relative error tolerances to be used in the iterative computations,
and the design data for each of the maximum number of stages. The stage
data includes:

® Limiting values for the aerodynamic parameters

® Specific loss data sets to be used for rotor and stator

® Flow increments in rotor and stator

® Polynomial coefficients describing exit total pressure distribution for
rotor and exit whirl velocity distribution for stator

® Blade solidity distributions .

@ Distributions of the ratio of supersonic turning to total turning or of flow
angle at the passage shock in rotor and stator

® For Mod 1I, limiting values for hub and tip ramp angles and initial values
for rotor and stator aspect ratio 4

The program considers ten axial stations at any one point in its iterative
design computations., The first five axial stations of the flow path represent
the inlet, and the program computes three exit stations behind the last stage
being designed. Hence, the program initially considers only the first stage,
with the inlet ducting and the program-computed exit ducting making up the
remaining eight axial stations initially considered.

The program begins its computation by evaluating Ty, Py and ¢, (T) in
the inlet, Setting VR and Vyg in the inlet to zero, and assuming dR/dZ and

dzR/dZ2 both zero at the front of the machine, the program then sets mass
flow rate throughout the inlet equal to the flow rate at the first station. Using
flow increment data specified at each blade row for which data is input, total
flow rate at each of the maximum number of blade rows is then computed,
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Hrving established the number of streamtubes and the midstream index
streamline to be used in axial v:locity computations, the program next es-
tablishes a simple radial equilibrium solution of the flow equations for the
inlet only; to initially establish flow conditions in the first rotor, the program
either picks up the input geometry or computes a first approximation to rotor
annulus geometry, depending upon whether the Mod I or the Mod II option has
been selected by the user. (In the case of Mod II design computations, the
second stage and subsequent rotors are first taken as a copy of the last up-
stream rotor.) The initial approximation of rotor one flow conditions is ob-
tained using a loading based on the given limiting value of DRT and a mid-

streamline axial velncity ratio of 0.9, assuming free vortex flow and 7R =
0.90. Next the first stator exit geometry is either picked up from input data
or estimated as required, and stator exit flow conditions are initially estab-

lished using the given stator exit tangential velocity distribution and ng = 0, 89,

Next, flow properties in the nutlet are established and the limiting values of
the aerodynamic parameters are checked; any necessary adjustments in the
temperature and pressure profiles are made. Next, the program establishes
the current outlet ducting and computes the flow properties there. To this
point, only simple radial equilibrium has been employed in flow calculations.
Next, the program establishes the full radial equilibrium solution to the flow
equations for the ten stations initially considered. Streamline curvature ef-
fects and radial gradients ir total enthalpy and =ntropy are included.

Next, the stage aerodynamic limits for the stage(s) among the ten axial
stations currently considered are checked and any necessary iteration on the
design of these stage(s) is performed, accounting for rull radial equilibrium.
This iteration may be accomplished with either the "drive' option or 'no-
drive' requested by the program user. Continuity is satisfied at every pass
and convergence is established on efficiency.

When convergence is fully established, the desired pressure ratio input
for this design is compared with the cumulative pressure ratio at the exit of
the last stage in the current converged design. If the desired pressure ratio
has not been met, and if the specified maximum number of stages allows,
another stage is added to the design at this point, Two stations from the
front of the design flow path are deleted, fully converged, at this point and
the exit ducting is re-established in the "'new'' ten- station design flow path,

When a new stage is added, the current values of slopes, curvatures and
axial velocities from the immediately preceding stage are used in the first
pass on the new stage, and the design is redone (i. e., convergence is re-
established) for all ten stations currently considered by the computer. The
check of cumulative pressure ratio is made, and another stage added as be-
fore if needed and if available. The design computation may stop at numer-
ous points and produce one of a number of error messages if difficulty is
encountered for physical or numerical reasons. The stopping points and
corresponding error messages are shown in the program flow charts and in
the source deck listing, Appendices C and B, respectively.
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PROGRAM RESTRICTIONS

It has been pointed out already that use of the limiting values of the
aerodynamic stage design parameters DRT’ DSH, and MSH’ to establish

corresponding critical values of tangential velocity, is subject to restric-
tions on the choice of roots in establishing Vy 9 values at hub or tip.

A further restriction applies to the specification of limiting values for
rotor tip diffusion factor and stator hub diffusion factor in a stage. If a
maximum value of diffusion factor is exceeded in either case, both the cor-
responding roots for Vy 5 are complex, and physical meaning is lost. The

program has error messages imbedded in the logic so that this condition
may be readily determined:

The maximum level of rotor tip diffusion factor for the inlet flow condi-
tions, tip speed, axial velocity ratio, and solidity can be easily established.
The diffusion factor is

2 )
Dr=1- = + ——mm—
R V'1 20’;V'1 (19)
or
1

sz (Ug - Vg1) - VZ2 tanRo

DR:]_— I 'l T t+ - " (20) ﬁ
cos,B2 V1 20 V1

Since with established inlet conditions and Vz, the rotor diffusion factor
is dependent only on V;,z or ﬁ|2, Equation (20) can be solved for its maximum

value, Differentiating, with B'z considered to be in the first or fourth quadrant,

d (DR) VZ2 ' sz 1
= - =g sin 8 - (21)
d Bs cos? By Vi 2 24V]| cos? B2
*
Setting the right hand side to zero and solving for ,8'2, it is found that ri?
(8 = arc sin 1 (22 f'
Ay DR max 20 )

and that DR is at its maximum value. Substitution of Equation (22) into
Equation (20) yields

17




Vz

2
VZ2 (Ul V01)+ 402-1
D =1 - + (23)
R max ‘,402_1 ' ZO'V'
20 1

Similarly, the maximum level of stator hub diffusion factor for given
flow conditions and solidity may be established. The stator diffusion factor
is

= - — F
Dg=1.0 7, 5o Vs (24)
or
Vg|cos ,le cos ,82| {VZ2 tan By - Vy 3}
=1,0 - + 5 (25)
VZ2 [+ 4 VZ2

Considering ,35 to lie in the first or fourth quadrant, it is possible to estab-
lish the following derivative:

dDg Vg Vo, R sin? g,
— =sin B + + (26)
d B, 21V, 20V, 20 |~ cos By

It follows that

-1
= (27)
V3 V03
20 +
VZ2

= arc tan

(By)

Dg max

20 sz

Substituting Equation (27) into Equation (25) results in the expression

(28)

DSmatx V3+—1f' VZz
2 7 V3 Vg
20 + 3
sz 20 sz

+V03
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The system of equations and computations presented in this appendix con-
stitute an iterative design system for computing performance of multistage
axial-flow compressors, It has been pointed out that the computation considers
only stations between blade rows, in addition to inlet and exit stations. Full
radial equilibrium of the flow is computed, including radial gradients of total
enthaipy and entropy. Flow is assumed axisymmetric and the gas is con-
sidered ideal, with c, taken as a function of temperature.

The computer-programmed design system will handle a maximum of 12
stages, with the design of individual stages limited by input- specified maximum
values of five aerodynamic parameters in each stage. These parameters are:
rotor tip diffusion factor. stator hub diffusion factor, stutor hub iniet Mach
number, rotor hub exit relative flow angle, and rotor tip exit whirl velocity.
As described under Development of Program Logic and in Appendix D, the pro-
gram user may elect to design all stages such that, in each stage, the con-
verged design satisfies the most critical of the five aerodynamic limits.
Alternatively, the program user may etect to design with only the assurance

-that no aerodynamic limits are violated anywhere in a converged design.

In summary, the following information is given:

@ Specific heat at constant pressure, as a function of temperature

® Molecular weight of the gas '

® Maximum number of stages in the planned design

® Minimum mass-averaged overall pressure ratio

® Total mass flow rate

® Number of streamlines to be considered in the design computation
(5, 7, 9, 11)

@ Fraction of the total flow passing between the hub and each successive
streamline '

Furthermore, in the inlet ducting and at the compressor entrance, the
following items are given:

@ Inlet total pressure

©® Inlet total temperature

® Axial location of all inlet stations

® Hub radius and blockage at each axial station

® Tip radius and blockage at each axial station

@ Radial variation of inlet guide vane loss coefficient (input by streamline)
@ Radial variation of inlet guide vane-exit whirl velocity

@ Tip speed at the inlet of the first rotor
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For each of the marimum number of stages in the design, the following
items are given:

@ Blockages at hub and tip and geometry information for Mod I or Mod I1
® Radial distribution of solidity (rotor, stator)
® Radial distribution of rotor exit Pt/PtT

@ Radial distribution oi stator exit whirl velccity

® Profile loss parameter correlations at hub, mean, tip (rotor, stator)

@ Radial distribution of the ratio of supersonic turning to total turning
(rotor, stator) or of the relative flow angle at the passage shock

@ Limiting values for rotor tip and siator hub diffusion factors

® Limiting value of stator hub inlet Mach number

® Limiting value of rotor hub exit relative flow angle

@ Limiting value of rotor tip exit tangential velocity

The basic equations employed in this design system are displayed in the
description of computations presented here. The equations are presented in
cylindrical coordinates, assuming axisymmetry and neglecting body forces.
The solution is necessarily an iterative one, proceeding to tae satisfaction of
several error tolerances specified as input and described in Appendix D.

CONTINUITY EQUATION -

Ry

e
= 2w /; v, RdR (A-1)

R:
He

From geometric input dimensions and blockage, aerodynamic hub and tip
radii are determined at each axial station, From the definitions

= S = hub blockage factor (A-2)
8H g 2 _Rg 2
T ~ Rg

§r = £ = tip blockage factor (A-3)
T 2 2
RT - RH

where blockage factor is the decimal portion of geometric area not blocked
there results the expressions

" qi/2
RHe' = SHRﬁ + (1' ) H)R"% (A-4)
) S q1/2 7
Ry, = |8¢R7 * (1 sT)R}% , (A-5)
A-2
N N . | | & M L

e TR R TR TR P NO PRI
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The annulus is subdivided into (j-1) streamtubes, where j is input as the
number of streamlines considered in the design. The fraction of the total mass
flow passing between the hub and each of the j streamlines is given as input and

Fi
DELM (j) = 2= f p V, RdR -~ (A-6)
R
He
ENERGY EQUATION
-m -l - ' - i
Hy, - Hy = g5 [U2 Vg, - U1 Vol] (A-7)

th is determined by an iterative solution of the equation

Tia .
_th - Htl = f cp(T)dT (A-8)
Tt Il
1 =
solving for the upper limit of the integral. ) N
The exit total temperature for the rotor at any streamline is determined i E

using exit total pressure ard efficiency. The adiabatic efficiency is then re- -
determined by calculating an isentropic temperature rise from an iterative £
solution of z

/ t
J. dT

= t ’ - -
APt2 Ptl e 1 ) (A-9) :
and solving Equation (A-8) for Hy, ;. Efficiency is then found from 3
i Ht . < Ht :ﬁ
% = 2,1 _1 (A-10) £
th - Htl &
3
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RADIAL EQUILIBRIUM EQUATION

T, R
5
2 _v2 . / _ 2 _ 2y /10
V)" = Vzi = 28I ) cp (THAT (Va Voj) 2R r~ dR
J
(A-11)
R R
98 VR
-2 5 4R V, {=—=] dR
gCJ/TaR +2/ Z(Bz o
R; R;
] J

The entropy gradient term of the radial equilibrium equation is evaluated -
from the following expression

R R, th ,
ds d / air R Bt :
28c7 [ TRR AR = 28J [ T—g cp(T)=F - Fln # dR  (A-12)
Rj Rl Ttl 1
The streamline curvature term is evaluated from
/ N YV : v 2 - v 2
9'R _ dVR R R;
2 v, (az)RdR =2 /vz (-57-)‘,’ dR - 2 j (A-13)

where the subscript ¥ designates a derivative taken along a streamline,
EQUATION OF STATE

o= %,— | (A-14)

STATIC-TO-TOTAL AND RELATIVE-TO-ABSOLUTE CONVERSIONS
From the definition of total enthalpy, the relationship

v2
H, -H-= TN (A-15)

is established.
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Static temperature is evaluated iteratively from

Hy - H = f e (T)T (A-16)

and static pressure is calculated from

T

3 [ omar
P=Pe R T T (A-17)

! Relative total enthalpies are determined from

s
<
-

t 1 |2 2
Ht-Ht=2gcJ[V -v] (A-18)

Relative total temperature is found iteratively from

Tt

§ 1 f :

?‘33'1 - = -

%; H - H cp(T)dT (A-19)
m{; , t and relative total pressure is evaluated using the expression

: T' )
: P, =Pe T T ’ (A-20)

LOSS CALCULATION

The total pressure loss coefficient is defined for rotors as

Py Py .
24i-"t
E't ey = 2 (A-21)
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and for stators as

Pi, - P
I (A-22)
¢

Ptz"PZ

The total loss cocfficient is taken as the sum of profile and shock loss
coefficients

5, -G, +® | (A-23)
@ t wp + © s °
The shock loss coefficient is calculated on the basis of the normal-shock-
in-passage model presented in Reference 3 (See References in report), In
this computation, the specific heat of the gas is evaluated at local temperature

but is not treated rigorously as a variable. For each stage in a design cal-

culation, the computer program receives as input a radial distribution of either:

(a) the ratio of supersonic turning to total turning for both rotor and stator or
(b) the distribution of flow angle at the shock for rotor and stator. Supersoric
turning is computed as

. . Pss
(@) dss (81 -Bz) Frotal
or (A-24)
(o) dss (B'l '3'2)

For stators, the absolute air angles are substituted, If the relative inlet
Mach number is equal to or greater than 1,0, the inlet Prandtl-Meyer angle
is calculated from

2
e 7+itan1‘/ ( -)-tanl M, -1 (A-25)

The Prandtl-Meyer angle at the intersection of the assumed normal shock with
the suction surface is calculated from .

Vss = V1 T Pag - ] (A-26)

The Mach number at this location is then determmed from an iterative solution
of the expression

v, ‘/ T2 tan”t ‘/ @: ) - tan~! JMQZS- 1 (A-27)

The effective shock upstream Mach number, from which the pressure ratio

. across the shock is computed, is

! 1 ' 1 )
Me =2 (Ml + Mss) . (A-28)
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Using the normal shock relationship, Equation (99), Reference 5 (in report),

2 Y
Ptz' (7+ 1) Mg ly-1 Y+ 1 ly-1
Py ) 12 2 (A-29)
Pt; /normal (y-1) M, +2 2rM, - (Y- 1)

shock

the shock total pressure ratio is determined. The shock loss coefficient is
then evaluated as

P,
—2
1 - \Pt, / normal shock
@ = (A-30)
1- (P
Pti
! where
P, -1, “hy-1
—= |1+ ——m (A-31)
P, 2
1

Now, if the inlet relative Mach number is less than 1.0, the effective upstream
shock Mach number is calculated as

M!
_ 1 ' -
M = 5 (1+ MSS) (A-32)

where Mss' is a fuhction of ¢4 determincd by iterative solution of the equation

- -1 -
$gs = v %_;:_%Xtan ' {%T—l— (M'szs } 1) - tan™! M.szs -1 (A-33)

If M; is greater than 1,0, 58 is evaluated using Equations (A-29), (A-31)

and (A-30) as before,

The profile loss coefficient is determined from blade element loss data,

- ] i
input as profile loss parameter “_'_L‘.:z‘)_:ﬁ_z correlated as a function of diffusion

A-7
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factor for hub, mean and tip sections as described earlier and in Appendix D.
The hub and tip loss data seis are associated with 1)% span and 90% span,
respectively, Blade diffusion factor is calculated as

1 1

Dp=1.0-~-—+— (For rotors) (A-34)
! !
V1 20‘V1
and
Dg = 1,0 - + {For stators) (A-35) -
v 20V
2 2 -
where solidity, o , is determined at the average radius associated with a -

stream surface in the blade passage.

N A
[

1]

When the diffusion factor is established for the flow along a 'given stream-
line in a given blade row, the average percent span for that streamline in the
passage is used to establish a profile loss parameter value associated with the
given streamline, The loss parameter is established using a circular inter-
polation along the blad: span, using the mean section loss parameter value and
the hub or tip section value, as appropriate, Both loss parameter values are
taken at the diffusion factor level computed for the subject streamline. The
interpolation takes the form

; me-:

|
[

®p cosﬁ'z @p cosﬁ'z " - {A-36) -

2o = 2 tro- .
x 7 Jo.s N(x - 0,52 + r2

t — !
9 @ ,, cosfB9 o, cosB !
(0.16 + d2) and d = p p 2 i

where r = -
2d 20 0.9,0,1 20 0.5

The profile loss coefficient is then computed directly, using solidity and stream- )
plane relative exit flow angle at the subject streamline.

. y
o

The iotal loss coefficient is used to establish an actual exit total pressure
using Equation (A-21) or Equation (A-22), as appropriate. This exit total
pressure is used to re-establish adiabatic efficiency through the use of Equations ‘
(A-9), (A-8) and (A-10), as described earlier. ’
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ENERGY ADDITION--Determined by Stage Aerodynamic Design Parameters

As described earlier, and in Appendix D, the computer program user may
elect to design each compressor stage to satisfy the critical one of the five
limiting values specified for its aerodynamic design parameters, or the user
may elect to design only with the assurance that all converged stage designs
will not violate any of the prescribed aerodvnamic limits. Satisfaction of the
critical one of five aerodynamic limits in zach converged stage design occurs
in the so-called 'drive' option, where the rotor exit total pressure level is
adjusted to satisfy the critical aerodynamic limit at each re-assessment of
loading in each stage during design computations. By contrast, the "no-
drive " program option merely adjusts the rotor exit total pressure level
sufficiently to avoid a violation of an aerodynamic limit each time such a
vioiation is encountered during re-assessment of loading. It is possible
and likely that during design computations prior to convergence in any given
stage, the rotor exit total pressure in this program option will be reduced
to a level such that none of the five design-limiting criteria are equalled
in the converged design.

Summarizing, each of the five design criteria may be used to estab-
lish a corresponding level of rotor exit total pressure; that is, each aero-
dynamic limit may be used to determine a level of the rotor exit total pres-
sure at 2 given point in the design computations. In the ''drive' program
option, the lowest of these five levels is ~hosen and used to d=fine the
rotor exit whirl velocity distribution at that point in the calculation. In
the 'no-drive' program option, the rotor exit total pressure level is
changed to correspond to the lowest of the five limiting values only if one
or more of the aerodynamic design parameters is found to be greater than
its corresponding limit value.

Expressions for the tangential velocity in terms of aerodynamic param-
eters are developed as follows.

L. Tangential velocity in terms of rotor tip diffusion factor

The diffusion factor at the rotor tip is given by

Vi Vo, -V
1
DRT = 1,0 - - T + T 2T (A“37)
' t
or
) -
) Var Ulp - YAy~ U2p * Voaq
DRp = 1,0 - — + '
A-9

;
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This may be rearranged as

v v
1 02T ! UlT -0 lT - UZT
Vhp = ~ — + (1.0-DRT) Vg + .
2o’RT GRT ‘
or as
”
1
Vor =K Vg + F {A-38)
where B
K = 5o
B ZU'RT
and j
. Uip - 01y - Ugg :
F= |(Lo - pry) Vi + .
TR -
£
now —i
1/2
Lo - 2 2 2 _ _i
Vi [(UZT \L’ 2T) + Vo + VZZT] (A-39)

Squaring and equating (A-38) and (A-39) results in

2 . 2 2

which reduces to

-2 (Ug, + KF vZ +u2 +vE - pl
V2, 4 ( T ) Va. +|_227 2T "Rot = 0
2T 02']_‘ |

1.0 - K2 1.0 - K2

A-10
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or

V2, +GVy, +W=0
62p ~ 7027
where
-2 (UZT + KF)
G =
1,0 - K2
and
Vi, +vu2 + vk, - F2
1,0 - K2

The absolute tangential velocity at the rotor tip may be obtained by solvins

Equation (A-40),

-G + VG2-4W

2 .

\ =
02'1‘

The calculation is restricted to positive real roots.

2. Tangential velocity in terms of stator hub diffusion factor

The stator hub diffusion factor is expressed as

Vg Yoy, - o3y

H

DSH,= 1,0 - v + -
H SH

This equation may be arranged as

V2H

V2 = -K+FVO
2H

H

A-11

(A-40)

(A-41)

(A-42)

(A-43)




where

Vi o+ V3 o+ & 12 Vo3
l_ 3H 3H 3H_| + —2H
K = USH
1.9 - Dg,

and

Now, expressing VZH in terms of its components and squaring Equation

(A-43), there results

” -
V, + V, G+ W=20 (A-44)
02H HZH
where
G - -22KF
F - 1,0
2 2 .
K2 - Vz, - Vg,
W = H H
F2 - 1,0
Hence,
. . O 2 _ ) _
V() 2y = -G % 2G 4w (A-45)

where the czlculation is again restricted to psitive, real roots, Using
the limiting value of Dgyy to evaluate K and T, the resulting solution of

Equation (A-45) represents a critical value of Vg, .
H

A-12
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3. Tangential velocity in terms of stator hub Mach number ‘

The sonic velocity at a stator hub is

and
. -
v
2
H-
= M A-47

This may be written as i

vZ o+ vi +vi |V2 E

MSH = (A-48)

Sy

Squaring and rearranging results in

A2 .2 (2 2 )1/2
Voay [MSH %S T Vaag * VRyy ] (A-49)

Note that where the quantity shown in parentheses here is negative, the
limiting value of MSH cannot be satisfied by adjusting V, 2" The prograrm

produces an error message when this condition is encountered.

4, Tangential velocity in terms of rotor hub exit relative flow angle

The relative exit flow angle at the hub is
Vl
02y

(V%ZH + ngn)” 2

B '2H = tan” (A-50)

Thus,

' 1/2 '
V,,2H = (szzn + VﬁzH) 12 tan (p ZH)

A-13




| S,

and

:U‘)

9 1/2 ,
VZ + V% tan |8
H 2y 2y 2H

The limiting value of ﬂ'zH is employed to evaluate Vg,

\Z 2

A-14

H,L

(A-51)
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ANEXIT
Q45
CAXIAL
COPY
DATA
DATAL
DERIV
DRIVE
ENTALP
ERROR
GAM
GEOM
INEST
INLET
INPUT
INTEG
LOSS
LOSE
MOVE
OUTLET
OUTPUT
RADIUS
ROTOUT
RSTART
SHOCK
SLINE
STAOUT
STREAM
THERM1
THERM2
THERM3
THERMP
XDERIV

: )
#rroseend

Subroutine Index
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11/02/47

ANEXT, - EFN  SOURCE STATEMENT -~ IFN(S) -
SUBROUTINE AN EXIT ANXT 245
ANXT 247
o #%x THIS SUBROUTINE ADDS AN EXIT TO THE MACHINE BASED ON ANXT 248
c A HORIZONTAL TIP AND THE HUB CALCULATED FROM T+HE RATIOQ ANXT 243
c OF THE AREA OF THE STATION TO THE AR:A DF THE LAST ANX1 250
c STATOR EXIT. ANXT 251
: : ANXI 252
‘ LOGICAL FPATH ANXT 253
DOUBLE PRECISION TITLE ANXI 2564
REAL MACH, MAPR, MOLEWT, JOULE ANXI 255
‘ DIMENS ION ATAS(29,11), FLOUW(32) ANXT 255
LOGICAL IERROR, YES ANXT 257
CAOMMCN /MATRIX/ ALPHA{10,11), ATAR(29,11), B2(23), ANXI 258
X BETA(10,111), BH(32), BLADE(29), BT(32), ANXT 259
I X CO(10,11), CP(32,11), cPCa(6), CR(32,11), “ANXI 260
X CSLOPE(10y11., CU2(11), CUt32,11), CUCD(29,5), ANXT 261
X CX(32,11), CxM(10,11), CXNEW(10,11)y CXRATO(29), ANXI 262
l X CXS(10,11), DA(10), DELM(11), DEPV(10,11), ANX[ 263
X DFL20), DFACT(29,11), DFL(29) ¢ DFLOW(32), ANXI 264 ]
X EMACH(29,11)y FOUND(20,3,10), FROEL(10,11)y, GAMMA(32,11), ANXI 265 :
X HMN(29), HUR(32), IKK(10), MACH{29,11), ANXT 265 .
' X OBAR(29,11), PO(32,11), R{32,11), RCURVE (10,11), ANXI 267
X RH(32), RHO(32,11), RINT(1I1), ROSTAG(11), ANXI 268 >
X RS(32), RSLOPE(10,11)y RTRAIL(1Ll), SOC0(29,5), ANXT 269 :
X SCLID(29,11)y  SSCO(29,5), TERM1(10,11), TERMA(11), ANXI 27D ’
l X TERMB(11], TERMC(11), TIP(32), TITLE(L2Y, ANXT 271
X TO(32,11), TSTAT(11), ui32,11), Will), ANXT 272 -
X X(32) ANXT 273 '
l COMMGN /SCALER/ A, AA, A10A0, A202A0, A303A0, A404A0, ANXI 274 ;’
X AS505A0, 8, B8, CCo CM, CMEAN, CMEANP, COINTG, ANXI 275 _ °
X trl2, cPi3, CPla, CPIS, CpPiey CPO2, CPO3, C P04, ANXI 274 3
X CPO5, DAMP,  DCP, DD, DIFCM, DT, NUMMY, ERASI1, ANXI 277 %
l X Gy GASKy  GJy GRy GR2, JOULE, MAPR, MOLEWT, ANXI 278
X POCO, Qy RPM, TCP, TERMD, TESTAH, TESTDS, TESTMS, ANX! 279 i
X TOCO, ToL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP, ANX1 28) 3
l X TOLCX, TOLR, TOTINT, TOTPR, V, VMl ANXT 281 3
COMMGN /INTEGR/ 1, 18 181, IDUMP, IERROR, IFIRST, ANXI 282 k]
X IGy IOUTTR, [IPASS, IS, IT, Jo JIN, JJo ANXI 283 g
X JMy JML, Ko K1y KKy Loy LIMIT, LSTAGE, ANXI 284 H
I X MSTAGEs NLINES, NTUBES, NX, NX1, YES ANXI 285 3
EQUIVALENCE (ATAR(141),ATAS(1,1)), (FLOW(L1),DFLOW(L1)) ANXT 286 g
CCMMON /VGEOM/  ALH(29), ALT(29), ALTER, ANX1 287 2
I X ASPECT(29), FPATH, SAVEA (29) ANXT 288
ANXT 283
IF (FPATH) OT= X(LSTAGE) ~X(LSTAGE-1) ANXT 290
AA=s RS(LSTAGE)*%2 ANXT 291
I BB® RH(LSTAGE)®%?2 ANXT 292
DO 10 JK=1,3 ANXT 293
JL=LSTAGE+JK ANX1 294
l IF (FPATH) XtJLI)= X{JL-1) +DT ANXT 29%
RS(JL)= RS{LSTAGE) ' ANXT 295%
RH(JL)Y= SCRT(AA + (BB-AA)*ATAR(1,JK)) ANXT 297
10 CONTINUE ANXT 298
| RETURN ANXT 299
END ANXT 30)
l B-1
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Q45. - EFN SOURCE STATEMENT - IFN(S) -
SUBRCUTINE Q45
COMMON /VENE/ NBLADE
INTEGER BLADE ‘
COMMON /VGEOM/ ALH(29), ALT(29), ALTER,
X ASPECT(291, FPATH, SAVEA(29)
INTEGER ALTER,GCCUNT
LOGICAL FPATH NO FAIL
DOUBLE PRECISION TITLE
REAL MACH, MAPR, MOULEWT, JOULE
DIMENS IGN ATAS(2G,11), FLOW(32)
LOGICAL [ERROR, YES i
COMMCN /MATRIX/ ALPHA{104+11), ATAR(29,411)y B2(29) .,
X BETA{10,11), BH(22), BLAGE(29}) - 8T{22),
X CO(10,11 ), CP{32,11)» CPCO(B), CR(32,4,11),
X CSLOFE(10,11), CU2(11), cut3z,l} » CUCN(2945)
X CX132+11), CXM(10,11), TXNEWLL 1)y CRRATDI(29) .
X CXS(10411), - DAL10), DELMI(11 DEPVI10,11),
"X DF(20), ODFACT(29,11 ), DELL29, DFLMW(32),
X EMACH(29,111), FOUND(20s3,10)y FROEL(1Q+111, (r=2 324110
X HMN(29), HUB(22), IKK{101}, Maurd 294110,
X 0UBAK(29,11), PO(32411), R{32411), ROCURVE(104110,
X RH{(32), RHO(32,4111, RINT(1L), ROSTAG(11)
X RS(32), RSLOPE(10,11), RTRAIL{11), SNCD(29,+5)
X SOLID(29,11), SSCO0(2945), TERM1{(10,11), TERMA(L11),
X TERMB(11), TERMC(11), TIP(32), TITLE(12),
X T0(32,11), TSTATL(1L) Ui(32,11), W({lll,
X X{32)
COMMON /SCALFER/ A, AA, A10AO, A202A0, A303A0, A404A0,
X A505A0, B, B8, CCo CM, CMEAN, CMEANP, COINTG,
X CPI2, cPi3, CPlé4, cePIs, CPL6,y cPO2, € P03, CPO4,
X CPUS, CAMP, - DCPy DDy DIFCVy DT, PUMMY, FRAS1,
X Gy GASK,y GJdy GRy GR2, JOULE, MAPR, MOLEWT
X POCO, Q RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS,
X T0OCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP,
X TCLCX,y TOLR, TOYINT, TOTPRs V., VMI
COMMGN /INTEGR/ 1, I8, 1Bl IoUMP, T[ERROR, IFIRST,
X 1Gy IQUTTR, IPASSy IS, 1T, Jo JINy JJdo
x JM' Jpl' K' Klo KK' L' LIMI" LSTAGEp
X MSTAGE, NLINESy NTUBES, NX, NX1y YES
EQUIVALENCE (ATAR(1y1)yATAS(Ll,1)), (FLOW(L) 4DFLOW(L)Y
LOGICAL NO FAIL
COMMCN 7SPECAL/ NORM({14) NX2,NOFAIL
1 CONTINUE
c «x¢ READ THE INPUT
CALL INPUT
C ®#% [NITIALIZE THE COUNTERS
c «xx ALTERATICNS TO BLADE ROW GEOMETRY IS MADE SEQUENTLALLY (DOWN
C STREAM), ONE SMALL CHANGE TO EACH BLADE ROW UNTIL ALL HAVE
C CONVERGED, THE FIRST BLADE ROW IS AT STATION 5.
¢ %% [NITIALLY THE NUMBER OF BLADE ROWS CONSIDERED IS 2. AT MOSY
o 6 WILL B8E CONSIDERED.
ALTER= §
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Q45. - EFN SOURCE STATEMENT =~ [IFN(S) -

NBLADE= 2
115 [IPASS= 1

GCOUNT= 0
120 CONTINUE

DAMP= 1,0

LC6=0

*¥%& SET UP THE ROTOR

CALL ROTOUT

I= I+1

**& SET UP THE STATOR
130 CALL STAQUT

“*%x CALCULATE CONDITIONS AY THE OUTLET

CALL QUTLET
*«¥%x CAECK THE FLUW PARAMETERS AND MAKE ADJUSTMENTS IN THE

TEMPERATURE AND PRESSURE PROFILES AS REQUIRED
CALL DRIVE
*+& SET THE ITERATION COUNTER TO ZERO
139 LC6= 0
s&s PRINT OUTPUT AT THIS POINT, TRANSFER TO A NEW DATA SET
140 IF (LC6.GT.50) CALL ERRCR{19)
##x SALCULATE THE AXTIAL VELOCITIES INCLUDING CURVATURE EFFECTS
LCS= O '
142 CALL CAXIAL
LC5= LC5¢1

IF (LC5.6T.50) CALL ERROR {18)

#%* TURN THE LOADING ITERATION TRIGGER ON.
NO FAIL= TRUE.

IPASS= 4 .

*** CHECK THE LOADING PARAMETERS AGAINST THEIR DESIRED LIMITS.
IF THEY ARE NOT CLOSE MAKE APPROPRIATE CHANGES IN THE ROTOQOR
TEMPERATURE PROFILE.

CALL DRIVE
*%% HAVE ALL OF THE FLOW PARAMETER REQUIREMENTS BEEN MET
IF (+NOT. NO FAIL) GO 7O 142
IPASS= 2
#%* CALCULATE THE LQSSES
CALL LOSS
146 LC6=2LCH+]
I=LSTAGE~1
#&x [PASS WILL BE EQUAL TO 3 IF THE LOSSES DO NOT TORRELATE
WITH THE EFFICIENCIES
IF (IPASS.EQe3) GO TO 140
GCOUNT= GCOUNT +1 :
#2¢ CHECK THE GEOMETRY ITERATION COUNTER
IF (GCOUNT.GT.10C) CALL ERROR (35)
IERROR= ,FALSE,
#&% [S THE GEOMETRY TD BE CALCULATED

R-3
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045, - EFN SOURCE STATEMENT - IFN(S) -

fF (FPATH) CALL GEOM

*%% [S THE GEOMETRY CORRECT
IF (IERKUR) GO TO 139
#** CHECK THE AXIAL VELOCITIES
GNE MORE TIME
CALL CAXIAL
#ex CALCULATE THE MASS AVERAGEN PRESSURE RATIO
DO 155 J=1,NLINES
TERMB(J)= TO(LSTAGE.J)
#%& SCLVES FOR TERMB(J) IN GASK*ALOG(PO(LSTAGE,J}/PO(1,1) =
INTEGRAL FROM TO{1l,1) TO TERMB(J) OF (CP/T) OT
CALL THERM2(PO(LSTAGE,J}/PO(1s1)s T ERMB(J),TO(1,1))
TERMBUJ)=TERMB(J )/TO(1,1)
155 DEPV(9,J)= RHO(LSTAGE,J)*CX(LSTAGE +JI*R{LSTAGE,J)
I=LSTAGE
L=9
CALL INTEG(DEPV,2)
SUM= RINTINLINES)-RINT(1}
L=8
D0 157 J=14NLINES
157 DEPVIB,J)= (TERMB(J)I-1.1%DEPV(9,4J)
CALL INTEG(DEPV,2)
V= RINT(NLINES)-RINT{1)
MAPR=EXP ( JOULE*( THERM3{(V/SUM+1,01%TO(1,1))=THERM3 (TO(1,1)))/GASK)
_w%x [F THE MASS AVERAGED PRESSURE FXCEEDS THE PRESSURE
RATIO DESIRED THE CALCULATION IS COMPLETE
IF {MAPR.GE.TOTPR) GO TO 175
#*x SINCE THE MASS AVERAGE PRESSURE RATIO HAS NOT BEEN MET WE
CHECK TO SEE IF ANOTHER 3TAGE MAY BE ADNED. IF NOT THE
FLCW PARAMETERS WILL BE PRINTED
IF ((LSTAGE~5)/2.GE.MSTAGE) GO TO 170
wxx INITIALIZE THE CALCULATION TO ADD ONE MORE STAGE
IFIRST=MAXO U IFIRST+LSTAGE-3)
I= LSTAGE + 1 '
IB= [B+¢2
[Bl= IRl+2
NX= NX+2
NX1l= NX1+2
NX2= NX2+2
NBLaDE= MINO( NBLADE +2, 6)
LSTAGE=LSTAGE+2
#xk SINCE THE CALCULATION AND CHECKING IS TO BRE CONTINUED
UPSTREAM FOR NO MORE THAN 3 WHOLE STAGES,IT IS ASSUMED
THAT DR/DXyC2R/DX2 AND D{CX)}/DX AT STAGES PREVIQUS TO
THESE WILL NOT BE AFFECTED BY THE ADDITION OF ONE MORE
B-4
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SOURCE STATEMENT

IFNL(S)

STAGE. THEREFORE THE VALUES CALCULATED FOR THE PREV IOUS
CONFIGURATIUN ARE TO BE SAVED FOR 1SE IN THE NEW

CONFIGURATION

#%% NOTE ONE VERSION OF THE ITERATION USES DR/DX AND DICRY/DXe.

00 160 J=1,NLINES
RSLOPE(14J)=RSLOPE(3,J)
RCURVE( 1y J)=RCURVE(3,J)
CSLOPE(1,J)=CSLNPE(3,J)
GO TO 115

«x% PRINT MESSAGE TO INDICLTE THAT THE DESIRED PRESSURE RATIO

HAS NOT BEEN MET

CALL ERROR{9)
CALL 0OUTPUT

*%%x RETURN FOR A NEw DATA SET

IF (1.GE.O0) GO TO 1
RETURN
END
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cax, - EFN

SUBROUTINE CAXIAL

SOURCE STATEMENT -

IFN(SY -~

*%& CALCULATES AXIAL VELOCITIES WHICH SATISFY THE

AXTAL-VELOCITY EQUATION

DOUBLE PRECISION TITLFE
REAL MACH, MAPR, MOLEWT, JOULE
“'IMENS ION ATAS(2G,11), FLOW(32)

+3GICAL
FOMMON /MATRIX/

IERRQR,y YES
ALPHAL10,11),

ATAR(29411},

B2(29),
BT(32),
CR{32,11),
CUCO(29,5),
CXRATU(29) »
DEPV(10,11),
DFLOW(32),
GAMMA(32411)¢
MACH(29,11),
RCURVE(10411),
ROSTAG({11),
SOC0{29,5),
TERMA({11),
TITLEt(12),
Will),

A303A0,
CMEANP,
c P03,
DUMMY ,
MAPR,
TESTDS »
TOLTIP,

CPO4»
ERAS1,

TOLCP,
1 ERROR,

JINy
LIMITS,

JJy

X BETA(1U,111}, BH{32), BLADE(29),

X CO(10,11), CP(32,11), CPCO(6),

X CSLOPE(10,11)y CUL2(11), Cutiz,1ll),

X CXt32,11), CXM{10,11), CXNEW(10,11),
X CXS(1Cy11), Da(10}), DELM(11),

X DF({20), DFACT(29,11), DFL(29),

X EMACH(29,411), FOUND(2Gs3410)y FRDEL(10,1%),
X HMN(29), HUB(32), IKK{(10),

X OBAR(29,11), PC(32411), R(32,11),

X RH{32), RHO(32,11), RINT(11)Y,

X RS{32), RSLOPE(10,11)y RTRATL(11},

X SOLID(29,11), SSCO0(29,5), TERM1(10,11),
X TERMB(11), TERMC(1l), TIP(32),

X TOt(32,11), TSTAT(11), ut32,ti),

X X{32)

COMMON /SCALER/ A, AA, A10A0, A202A0,
X A505A0, By ~ BB CCy CMy CMEAN,
X CPIL2, cPi3, Cpl4y, CPIS, CPI6,y CP02,

X CP0O5, DAMP, pce, DLy DiIFCny DT,

X Gy GASK, GJos GR, GR2, JOULE,
X POCO, Q RPM, TCP, TERMD, TESTBH,
X TOCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS,
X TOLCXy TYTOLR, TOTINT, TOTPR, V, VM1

COMMON /7 INTEGRZ 1, 18, 181, IDUMP,
X IG, [OUTTR, IPASS, IS, 17, Jy
X JM, JML, Ky Kly KKy Ly
X MSTAGE, N, INESy NTUBES, NX, NX1l, YES

EQUIVALENCE (ATAR(1,1)¢ATAS(1,1))y (FLOWIL),DFLOW(1))
COMMUN /ENERGY/ Hy Ty GAMMER

REAL LIMIT

*%%x SEV LIMITS ON AXIAL VELOCITY TO RESTRAIN THE ITERATION,

TEST= 1.5¢
LIMIT= 1,6
L= 0

D0 1 [=1B.X
L= L+)

*&& SATISFY CONTINUITY,

CALL STREAM
DO 1 J=1.NLINES

B-6
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A4Q4&AOQ .,
COINTG,

MOLEWT,
TESTMS,

IFIRST,

LSTAGE,
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CAX, - EFN SOURCE STATEMENT - IFN(S) -

C *x% SAVE THE AXIA' VELACITIES, .
BETA(L yJ)= CX(1,Jd) CAXI
1 CONTINUE CAxl
DAMP= 1lU.U caxi
CAX 1

C ki INITIALIZE THE [TERATICN COUNTER gﬁ:}
LOGPY=0 CAXI
S CONTINUFE ) caxti

C &% T{RN THE CONVERGENCE YRIGGER ON.
YES= (FALSE . caxi
LOCPY=LOCFY +1 CAXT
Cax]
C w&x ERAOR WUILL PRINT THE RFSULTS OF THE LAST ITFRATION CAXI
C ANC TRANSFER TO A NEW NDATA SET CAX1
. CAXI
[F (LOIPYL.GTL250) CALL FRRUR( &) CAX1
DD 125 J=1,NLINES CAxl
CoLxl
C £%% GET FIRST AND SECUND DERIVATIVES OF R WLITH RESFICT TO X caxli
CAX ]
125 CALL XDERIVIRyRSLUPE,RCURVE) CAX]
CAX1
L=0 caxi
DO 137 1=1B4NX CAX1t
L=L+] LAY
CM2=CX({1yJn)x%x CAXI
D0 12u J=1,MLINES CAXT
CAxl
C x&% SAVE ThE AXIAL VFLUCITIES CAXT

BETAIL+Ji=CX {1, Cax]
CU2(J)=CULL,y J)%%x2 CAaxI
120 DEPVIL »J)=CU2LIV/RUT.S) . rAX 1
CALL INTEC (OEPV,2) CAX1
A= THERMIATO(I,4M)) CAX1
€O 130 J=1,NLINES CAX{

C #%% CALCULATE THE ENTHALPY AND CENTRIFUGAL FORCE TERMS AS WELL AS

c TrHE RADIAL VLLOICITY TERM,

130 TERMI(LyJ)= (GI*{THLRMULTOLL,d)V)-A) CAXT1
X4CRELy UMY %2 =CRU{TyJIx 2 CAX]
X ={(CuU2tJ) -CU2{JIMI} =-2.0%RINT(J)) CAXI
X /CM2 CAX1
CAX1
*kkx FINS EMNIPOPY GRADIENT TERM IN AXIAL-VELONCITY EQUATION CAx1
w&xx (JRTAIN FIRST DERIVATIVE OF DEPV WITH RESPECT TU RADIUS, CAX1
RESULT IS (N CO CAX1Y
caxl
CAx1
C %%k NCTEoee THE RFFERENCE TERMS HAVE BEEN LEFT ©UT QF THLS CAX ]
C cQUATION SINCE THEIR NDERIVATIVES ARE ZERD CAX1
caxi
L=0 caxi
D0 235 - 1IH¢NX CAX1
L=L+} CAX1

o000

B-7

' CAXT
CXUTyd)= (4. O¥BETA(L,J) +CXUisd))%0.2 CAXI
1)
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CAX, ~ EFN SOURCE STATEMENT -~ [IFN(SY -

DO 233 J=i,NLINES
ss¢ DETERMINE PART OF THE ENTROIPY TERM,
DEPV (L, 4= THERM U TO(14J1)/0CP ~ALOG(PO(T,d))
H= —(CX(1oJ 1982 +CRUL,JI%%2 4CULT.JI%$2)/GJ
T= T0(1,J)
CALL ENTALP
233 CUNTINUE
ALPHA(L,1)= 0.0
D0 235 J=2,NLINES

s« [ JTECRATE TFHE STATIC TEMPERATURE WITH RESPECT TO ENTROQPY,
235 ALPHA(L,J)= ALPHA(L,J-1) +0,5%GR*(TSTAT(J} +TSTAT(J-10)
A ¥(DEPVI(L.J) -DEPVIL,4-1))
210 DO 223 J=1«NLINES

«#% (JATAIN THE FIK T DERIVATIVE CF RADIAL VELOCITY WITH RESPECY
T AXIAL LENGTH, )

220 CALL XDERIVICR,CSLGPE,CD)

' L=0
DO 490 1=18,NX ;
ItL= 0 i

*n% HELP IS-ALTERED '« PENJCE THE EFFFCT OF CURVATYRF WHEN
THE ITERATIUN IS WNG. NEAR THE SOLUTIUN

HELP=1,0
L=L+]
225 DO 240 J=1,NLINES
%% CIUMPUTE RADIAL VELUCITIES.,
240 CRUTyo1=CX{ Vo JI=PSLUPE(L,J)
CM=CXT 142N}
© CM2= HELP#CM2%2
245 01 250 J=],NL"'ES

s#% | "D STxe MAMUINE-CURVATURE TFRM I[N AXTAL-VFLOCITY EQUATION

250 DEPVILsus- CXUi9oJIECSLGPE(L, o' /CM2
CALL INTEG (NEPV,2)

365 ILL= TLL +1

3706 DO 400 J=1,NLINES

*x% (NMEINE THE TEKMS [N THE AXIAL VELOCITY EQUATION,

TERMD= (RINT(J) RINT(J) +(ALPHA(L ,JM) —ALPHA(L,J))/CM2
X +TERMY(L,J))/HELP
IF (TERMC) 381,285,383
385 TERMD=1.2
G0 TO 400

#&~ CHCK VALUES CF VELOGCITY RATIC AGAINST REASNNAHBLE LIMITS

381 IF (TERMD.GT+~.99) LI TO 390

*x% ALTER FELP TC REDUCE CURVATURE EFFECTS (TEMPNRAR[ LY)
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CAX. ~ EFN  SOURCE STATEMENT -~ [EN(S) -
CAXI &T1
HELP= HELP%1.1 CAXI 472
IF (ILL.LT.25) GO TO 365 CAXI 473
TERMD=0,1 CAY1 674%
GO TO 400 CAXI 475
383 IF (VERMD.LT.TEST) G0 TC 390 CAX1 475
HELP= HELP*1.1 CAXI 477
: IF (ILL.LT.25) ) TO 265 CAX1 478
i TERMD= LIMIT CAX1 473
GO TO 400 CAXI 480
C ax% CALCULATE NEW. AXIAL VELOCITY. - 48]
. 390 TERMD=SQRT{ 1,04TERMD) CAXI 481
400 CXNEW(L,J)=TERMD*CM CAX1 482
410 CONT INUE CAXI 483
CAXI 4864
,'c A s&% CUMPARE WEL@EGATdES INTO CURVATURE EQUATION WITH THOSE OUT  CAXI 485
. CAXI 485
oo «40 J=1,NLINES CAXI 487
' IF (ABS({CXNEW(L yJ)- (,xu.Jn/cxu.Jn GT.TOLCX) GO TQ %50 CAXI 488
440 CONTINUE CAX1 489
GO TO 455 CAXI 49)
_ CAXI 493
'c *¥& UNSUCCESSFUL CCNVERGENCE ON CX CAXI 494
: CAXI 495
) 450 YES= .TRUE. CAXT 491
l 455 DO 460 J=),rLINES CAXI .92
= CX{Ied)= (CXUT,J) +CXNEW(L 4Jd))%0.5 CAXI 495
460 CR(IyJ)= CX(1sJ)*RSLOPE(L,J) CAX! 497
CAXI 498
Ic *%¢ SATISFY CCNTINUITY CAXI 497
CAXI 500
CALL STREAM CAXI 501
: CAXI 502
IC k%% MAKE AN ADJUSTMENT ON THE STREAMLINE POSITICNS. 503
CAXI 506
CALL MOVE CAXI 505
l 490 CONT INUE CAXI 50%
CAXI SOT
c *s¢ CHECK CCNVERGENCE OF AXIAL VELOCITIES CAXI 508
CAXI 509
' 1010 L=0 CAXI 510
DO 700 [=1IB,NX CAXI 511
L=L+1 . CAXI 512
D0 700 J=1,NLINES CAYI 513
IF (ABS((BETA(LsJI=CXUIy3J))/CXET4J)})eGTL.TOLCX) GO TO 1020 CAXI S164
CONT INUE ’ “CAXI S15
L= 0 CAXI 516
CAXI 517
CAXT 518
GO TO 1021 CAXT 519
YES= .TRUE, CAXT 520
L= 0 CAXI 521
L=L+l CAXT $22
#xx MOVE THE LIMITS ON AXIAL VELOCITY. 523
TEST= 1.02¢TEST CAX] 523
LIMIT= SQRT(1.,0 4TESYT) CAXI 3524
B-9
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CAX. - EFN SOURCE STATEMENT
IF (YES) GO TO S
IT= 0
RETURN
END
B-10
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Caxi
caxi
CAXT
CAx1

525
529
527
528
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CuPv., - EFN  SOURCE STATEMENT - [FN(S) =~

i SUBROUTINE  COPY COPY 529
LOGICAL FPATH COPY 539

COMMON /VGEGM/  ALH(29), ALT(29), ALTER, CoPY 531

i X ASPECT(29), FPATH, SAVEA(29) COPY 532
OQUBLE PRECISION TITLE coPY 533

REAL MACF, MAPR, MOLEWT, JOULE COPY 534
DIMENSION ATAS(29,11), FLOW(32) COPY 5135

i LOGICAL IERROR, YES COPY 536
COMMCN /MATRIX/ ALPHA(10,11), ATAR(29,11), B2(29), COPY 537

X BETA(10,11), BHI3Z), BLADE(29), BT(32), COPY 538

l X CO(10,11 )¢ CPU3Z411), CPCO(6), CR(32,11), COPY 533
X CSLOPE(10,11), CU2(11), CU32,11), CUCO(29,5), COPY 549

X CX(32,11), CXM(10,1110, CXNEW(10,11), CXRATO(29), COPY €41

X CXS(10,11), DA(10), DELM(11), DEPV(10,11), COPY 542

l& X DF(20), DFACT(29,11)¢  DFL(29), DFLOW{32) + COPY 543
X EMACH(29,11), FOUND(2043,10), FRODEL(10,11), GAMMA(32,11), COPY 544

X HMN(297, HUB(32), TKK(10), MACH(29,11), COPY 545

I X OBAR(29,11), PU(32,11), R(32,11), RCURVE(10,11), COPY 546
, X RH(32), RHO(32,11), RINT(11), ROSTAG(11), COPY 547
X RS(321, RSLOPE(10g1.., RTRAIL(11), SOCO(2945) 4 COPY 548

X SOLID(29,11),  SSCU(29+5), TERM1{10,11), TERMA(11), COPY 549

{ X TERMBILL), TERMC{11l), - TIP(32), TITLE(L2) , COPY 55)
X TO(32,11), TSTAT(L1}, Ul32,11), W(Ll) s coPY 551

X X(32} CNPY 552
CCMMON ‘SCALER/ A, Ad, A10AO, A202AC, A303A0, A404A0, COPY §53

1 X A505A0, B, 8By CCy CM, CMEAN, CMEANP, COINTG, COPY 554
X CPI2, CPI3, (CPl4y, (CPIS, CPI6, CPO2, CPO3, CPO4, COPY S55

X CPOS, CAMP, DCP, GO, DIFCV, DT, DUMMY, ERASL, COPY 584

i X Gy GASKy  Gdy GRy GR2, JOULE, MAPR,  MOLEWT, COPY 557
X PCCO, G RPM, TCP, TERMD, TESTBH, TFSTDS, TESTMS, COPY 558

X TOCO,  TYOL, TOLAT, 7TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP, COPY 559

X TOLCX, TOLR, TOTINT, TCQTPR, V, VMI COPY 560

! ‘ COMMCN 7/ INTEGR/ I, 18, 181, IDUMP, T1ERROR, IFIRST, COPY 561
X Gy IOUTTR, IPASS, IS, I, Jy JIN, JJy - COPY 562

X JM, JML, X, K1y KKy Ly LIMIT, LSTAGE, COPY 563

! X MSTAGE, NLINES, NTUBES, NX, X, YES COPY S64
EQUIVALENCE (ATAR(1+1),ATAS(1,1)), (FLOW(L) OFLOW(L}) COPY 58%

COPY 56%

L= [-2 ) COPY %67

lc #%% [S FE GEOMETRY BEING CALCULATED. 567
IF (FPATH) GO TO 20 COPY S48

c *%% PICK UP THE HUB AND TIP RADIUS. 569
l RH(I)= HUB( ) : COPY $69 °
RS(IV= TIP(I) capy S7)

GO TO 30 COPY 871

C . %%% SET THE TIP, ESTIMATE THE HUB (LOW) AND COMPUTE THE SPACING. 572
l 20 RS(I1i= RS(I-1) coPy 572
’ DT= (RS(I-1) =RH(I~1))/ASPECT(I) COPY §73
RH(I)= "MINLIRH{I)y RH(I=1) +DT®*ALH(I)) COoPY 574

' X([1= XK{i[=1) +OT COPY &75
c s+ ESTIMATE THE AXIAL VELOCITIES, SET THE EFFICIENCY (ON THE 576

¢ HIGH SIDE) AND ESTIMATE THE TEMPERAYURE AND FRESSURE.

30 CALL RSTART._ COPY 576

! 0G 50 J=1,NLINES COPY S77
CX4Eed)® (CXULgJ) ¢EX(LoJIM)I*0, 5 COPY 578

e B-11
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COPY. - EFN

ATAR(I4Ji=SIRT(ATAR(L,J))

SOURCE STATEMENT

~POUTedi= POUI=1sJ)*PO(LsJ)/PO(L=1yJ)
TO(Eod)= INCI=1,J)4TO(Ls ) /TCIL=-14J)

CALL THERMP
CUlLydd=s CUlL.J)
CR{lsJ)= CR{LJ)
L= 2

CALL STREAMM

CALL MOVE

RETURN

END

B-12
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coPy
coey
copy
copy
corPy
coey
copy
copy
copy
cory
capy

379
580
581
582
583
586
585
589
587
588
589
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DATA, - EFN  SOURCE STATEMENT - [IFN(S) -

f BLOCK DATA | NATA 592
DOUBLE PRECISION TITLE DATA 591
REAL MACH, MAPR, MGLEWT, JOULE DATA 592
' DIMENS ION ATAS(2G,11}, FLOW(32! DATA 593
LOGICAL IERROR, YES DATA 596
COMMCN /MATRIX/ ALPHA(10411)y  ATAR(29411), B2(29), DATA 595
X BETA{LU,1L1), BH(32), BLADE(29), RT(32), DATA 595
l X CO(10,11), CP(32,11), CPCOL6) CR(32,11), DATA 597
X CSLOPE(10s110, CU2(LLD, CU(32,11), CUCOI2945) o DATA S98
X CX(32,110, CXM{104110, CXNEW(10,11)y  CXRATO(29), DATA 599
I X CxS(10411) ¢ DA(101}, DELM(1l), DEPV(10,11}, DATA 600
X DF(20), UFACT(29,11)y  DFLL?9), DFLOW(32) y DATA 601
X EMACH{29,11), FOUND(20,3,10), FROEL(10,11)y GAMMA(32,11), DATA 602
X HMN(29), HUB(32), [KK(10)y MACH(29,11), DATA 603
’ X OBAR(29,11), POL32,411), R{32,11), RCURVE (10,111,  DATA 604
X RH(32), RHO(32411), RINT(11), ROSTAG(11) DATA 605
X RS(32), RSLOPE(10411)y RTRAIL(LILD, SOCN{2945) 4 DATA 605
X SOLID(29,11)y,  SSCO(2945), TEKM1(10,11)y  TERMA(11), DATA 607
i X TERMB(11), TERMC(11) . TIP(32), TITLE(12) DATA 608
g | X TO(32411), TSTAT(11}, U(32,11), Wil , DATA 609
S BRI | ' DATA 610
?f i COMMON /SCALER/ A4 AA, A10AO, A2G2A0, A303A0, A404A0, DATA 611
~ X -A505A0, B, BB, CCo CMy CMEAN, CMEANP, GOINTG, DATA 612
v X CPI2, CPI3, CPl4, CPIS, CPl6, CPU2, CPO3, CPO4, NATA 613
i ‘E X CPOS, CAMP, DCP, DD, DIFCM, DT, DUMMY, ERASl. DATA 614
% X Gy GASKy  GJy GR, GR2, JOULE, MAPR,  MOLEWT, DATA 615
= X POCC, Qi RPM, TCP, TERMD, TESTBHe [ESTDS, TESTMS, DNATA 616
H X TOCO,  TOLy TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP, DATA 617
g X TCLCX, TOLR, TOTINT, TOTPR, V, VMI . DATA 618
o COMMON /INTEGR/ 1 18, 181, {OUMP, [FRRQR, IFIRST, DATA 619
5 X 1G, ICUTTR, [PASS, IS, v, Jo JIN, JJo DATA 620
X JM, JM1, Ko Kly KKy Lo LIMIT, LSTAGE, DATA 621
; i X MSTAGEs NLINESy NTUBES, NX, NX1, YES DATA 622
» EQUIVALENCE (ATAR(1,1),ATAS(1,10)s (FLOW(1),DFLOWCLY) DATA 623
2 COMMCN /VNMIN/ VO (29) o DATA 524
l : - DATA 625
£ OIMENSION 2Z(1T1l), ZX(1T71), 2Y145), Z(387) DAT~ 676
% EQUIVALENCE (COy2e2Z)y (201720 42X)y (20343),2Y) DATA 627
© DATA Gy GJy JOULE/ 1545.44y 50070,47y 778,12 / DATA 628
i l DATA DF /000y Ooly Oel5, 0e2¢ 0e25¢ 0e3s 0435y Oeée 0c45+ 0.5, DATA 629
' X 0.55, Oebe 0s€5, Oely 0s75y 0s8y 0.85¢ 0, - 0095, 1.0/ DATA 639
OATA 22 ¢ DATA 631
l X 4H L 4F THI,4HS PRy 4HOGRA (4HM MU, @HST Ry4HE US,4HED WeAHITH o DATA 632
X 4HCONS,4HIDER, 4HABLEy 4H CARy4HE ANy4HD TH, 4HOUGH,4HT. 4HSTEE, DATA 633
: X 4HP  44H T4HPARAy 4HMETE ¢4HR PRy 4HOF [L y4HESs ¢ 4HROUG 44HH FL,  DATA 634
3 X GHOWP Ay 4HTHS ¢ o4h ANDy4H DATo4HA INy4HCONS,4HISTE94HNT Wo4HITH o DATA 635
“ I X 4HTHE 4HPROGy 4HRAM ¢ 4H JAHASSUs GHMPTT y4HONS o 4HWI UL 94H USUy DATA 635
X 4HALLY 4k LEAy4HD TOy4H FAL4HLURE 4H OF +4HTHE ,4HITER (4HATIO, DATA 637
X 4HNeo y4b 14 H v 4H voH v4H 1 4H v4H e4H + DATA 638
“' X 4H 14K voH ¢ 4H v4H 14H v 4H W4H . y4H v DATA 639
X -4H v4H v4H v 4H e 4H 1 oH vé4H v 4H voH ' DATA 640
X 4H IF o4HTHE 14HPROG¢4HRAM y4HCAN ¢&HNOT o4HFIND,4H A S,4HOLUT, DATA 641
X 4HION o&HIT WeHILL ¢4HPRIN4HT AN;4H ERR4HOR My4HESSA(AHGE 4 DATA 642
,‘ X 4H  GHFOLLy 4HOWED s 4H BY o4HTHE y&HSTAN,GHDARD,4H OUT 44HPUT.y DNATA 643
X @H TrieablS To4HS TOo4H BE ¢4HUSEDy4H TU o4HDETF 4HRMINJAHE o DATA 64é
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DATA, - EFN SOURCE STATEMENT -~ [IFN(S) -~
4H v 4H 16 H v 4HTHE 24HCAUS,4HE DOF ,4H THE,4H FA] 4HLURE,
QH. '4P 'QH 94“ 'AH 94H 94“ 'QH a‘H ’
‘H '4H QQH 94“ '4H '4H '4H QQH '“H [}
4H 1ok v4H v 4H 1eH v4H v4H 2 4H vaH '
4H v 4t v4H 2 &H 14H ¢+ &H 2 4H v 4H ‘Y OAT

GHTHE 4HF IRSy4HT ANy 4HD L o4HAST ,4H AXI ¢4HAL S, 4HTA HONS /
CATA IX /
4H IT J4HIS Ag4HSSUMy4HED T 4HHAT L4HMTHE ,4HFLOW, 4H . voH '
GHLS Py 4HARALWGFLEL +4HTO T,4HHE A 4HXIS o4HOF Ry 4HOTAT yeHION, o
4H INy4FLET (4HAND s 4HEXIT,4H GEDy4HME TR, 4HY SH,4HOULD 4H RE
4H ' &H s GHCONS s GHISTE24HNT e 4HITH 4HTHIS, 6H ASS y4HUMPT,
4HION ey 4k TH,4HE SPy 4HACIN,4HG OF ,4H THE 4H AXI 4HAL S 4HTATI,
4HONS ¢ 4KSHOU.GHLD 4 4H ¢eHBL R,GHEGUL 44HAR, o4HBUT ,4HNEED,
4H NOT,4H BE s4HEQUAy4HL, +4H v&4H AT o AT '
4H ol b o4H ¢+ &H v 4H s &H 2 4H T 94H vah "
4H r4b v ¢ 4H v4H p4H v4H o &OH 1o H '
4G ¢4 o4 ¢+ GH 14H o &H v4H v 4H 'oH ]
4H D~Fo4HACTO,4HR LI, 4HMITS y4H WHI 4HCH Ao4HRE Uy &4HNREA 44HSONA,
GHBLE +4FAND 94FMACH, 4H NUM 4HBER 4HLIMI J4HTS W,y 4HHICH ¢4 H '
4H »GHARE ¢4 HTOO ¢ 4HLOW o4HWILLs4H USUy&4HALLY,64H CAU4HSE F,
GHAILU,4HRE D94 HF THy4HE IT,4HERAT,4HION. y4H v &H vaH '
4H vak 24H 9 &4H 14H 14H 14H v 4H oo H ’
4H v &H voH s &H 14 ‘9 GH 14H o GH '.4H ’
4H ot v4H o 4H 1 &H s oM eaH THE s 4H AXI 44HAL V.
GHELOC,4F5TY 4PAT Eo94HACH ,4HSTRE,4HAMLI 44HNE 1,4HS CO,4HNSTR,
4HAINEy4FD TOv4H LIEy4H BET,4HWEEN, 4H v4H o GHLIMI J6HTS W/
DATA 2Y / ,
GHHICH) 4F ARE 4K APP, 4HROXI s4HMATE,4HLY 1,4H0 PE,4HRCEN ¢4HT AN,
4HD 10y4F0 PE,4HRCEN+4HT OF ¢4H MIDy4H=STR,4HEAML, 4HINE 44H '
GHAXT A 4FL VEo4HLOCIy4HTY s o4H SHO,&HULD +4HTAHE o4HSOLU ,4HTION,
4H LIE,4H BEYs4HOND s 4HTHES ,4HE FA.4HILUR y4HE OF y4H THE ,4H '
4H v ab tGHRITERy4HATIO 4HN WIs4HLL DO¢4HCCUR, 4H, vl H /
END
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DATA
DATA
DATA
NATA
DATA
DAT A
DATA
DATA
NATA
DATA
DATA
NATA
DATA
NATA
NDATA
DATA
DATA
DATA
DAT a
DAY A
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

645
645
647
648
643
650
651
652
653
654
655
6556
657
658
659
66)
661
662
663
664
665
665
6617
668
669

670

671
672
673
674
675

676

677
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DATAL. - EFN  SOURCE STATEMENT =~ {FN(S) -~
i SUBROUTINE CATAL DATA 1
4 DATA 2
c ¥ THIS SUBROUTINE PREPARES A MASTER TAPE GF LNSS DATA, DATA 3
i [F A PERMANENT FILL IS USED THIS ROUTINE IS TO RE DATA &
‘; DISCARDED { THE SENTRY MUST RE CHANGED ALSO). DATA &
NATA 5
- DOUBLE PRECISION TITLE DATA 7T
i REAL MACH, MAPR, MOLEWT, JOULE DATA 8
: DIMENS ION ATAS(2Gy11)y FLOW(32) NATA 3
LOGICAL IERROR, YES DATA 1)
! COMMON /MATRIX/ ALPHA{10,11)y  ATAR(29,11), 820291, DATA Il
: X BETA(10411), BH(32), BLADE(29), BT(32), DATA 12
X CO(10,11), CP32,11), CPCO(6) CR(32,11), DATA 13
- X CSLOPE(10,11}y CU2(111Y, Cut3dz,1l), CUCO(29,5), DATA 14
5. X Cx(32¢11), CXM(10411), CXNEW(10,11)y  CXRATO(29), PATA 15
: X CXS(10,11), DA(10), DELM(11), DEPV(10,11), DATA 156
X DF(20), DFACT(29411)y  DFLL29), DFLCW(32) DATA 17
- X EMACH(29,11), FOUND(20+3,10), FRDEL(10,11), GAMMA(32,11), DATA 18
) l; X HMN(29), HUB(32), 1KK(10) MACH(294i1), DATA 19
. X OBAR(29,11), P0(3271/l" R(32,11), RCURVE(10,11),. DATA 20
oo X 2H(32), RHO(32411), RINT(11), ROSTAG(11), DATA 21
. ii X RS(32), RSLOPE(10411)y RTRAILILY), SOCNI2945) DATA 22
: X SOLID(29,11), SSCO(29+5), TERM1(10,11),  TERMA(11), DATA 23
L X TERMB(11), TERMC(11), TIP(32), FITLE(12), NATA 24
: X TO(32,11), TSTAT(11), U(32,11), Will), DATA 25
¥ ‘% X X(32) DATA 26
; COMMON /SCALER/ A, AA, A10AO, A202A0, A303A0, A404A0, OATA 27
- X AS05A0, B, BB, CCo CM, CMEAN, CMEANP, COINTG, DATA 28
b E; X CPi2, CPI3, CPl4, CPISs CPl6y CPO2, CP0O3, CPO4, DATA 29
R X CPOS, DAMP.  DCP, 0D, DIFCMy DT, DUMMY, ERASl, DATA 33
A X Gy GASKy  GJy GR, GR2, JOULE, MAPR, MOLEwWT, DATA 31
Lo X POCOy  Q RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS, DATA 32
; {; X TOCO,  TOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLT{P, TOLCP, DATA 33
o X TOLCX, TOLR, TOTINT, TOTPR, V, VMI DATA 36
' COMMCN Z/INTEGR/ 1, 18, 181, IDUMP, TERROR, IFIRST, DATA 3%
: ’i X £Gy  10UTTR, IPASS, IS, 1T, Jo JINy  JJs DATA 38
¥ L5 X JM, JMY, K ) Kl KKy Loe LIMIT, LSTAGE, DATA 37
: X MSTAGE, NLINES, NTUBES, NX, NX1 YES DATA 38
b EQUIVALENCE (ATAR(141),ATASt1,1)), (FLOW(1),DFLOW(1)) DATA 39
I» DATA 42
. DIMENS TON Z(387) DATA 41
EQUIVALENCE (CO,2) DATA 42
WRITE (6,4333) 2 DATA 43
333 FORMAT (1HL////7/(12X20A4)) DATA 46
READ (5,910)16 DATA 45
910 FORMAT (24l3) DATA 4%
REWIND 2 DATA &7
DO 920 =1, IG B DATA 48
READ (5¢925) ((CX(KyJ)yKuly20) yJmly3)
920 WRITE (4) ((CX(KyJ)oK=1y20)9d=1,3)
|- 960 END FILE 4
REWIND &
. 925 FORMAT (12F6.0) NATA S}
l: CALL Q45 DATA 53
’ RETURN DATA 86
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DERI, -~ EFN SOURCE STATEMENT - IFNIS) -~
SUBROUTINE  DERIVReROSLOPE s RCURVE #R)
COMMCN 7/ INTEGR/ [, 18,181, IDUMP, [ERRCRy IFIRST ’

X IGy TOUTTRy IPASSy ISy 1Ty Je JINy JJs IMy JM1le K, Kle KKy Ly
X LIMIT, LSTAGE, MSTAGE, NUINESy NTUBES, NX, NXl, YES

L= 1
DO 5 I=[81lsNX1
= L+)

AA= (R{I=1¢d) =RUIyJIIZUXCT=-1D=XLTDD

B88= (R{I¢1sJ) ~-R{LyIDIZUXUTED)=XLT))

RSLOPE(L»J)= (RUT#14d) =ROI-19JDV/7UXCT#L) ~XCI-1))
5 RCURVE{LeJI= {AA -BBI/Z(X(I-1) =X(1+1))%2,0

RETURN

eND
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NRIVE. ~ EEN SOURCE STATEMENT - IFNI(SY -

SUBRNDUTINE ULRIVE NRIV 673
DRIV 673

#%## OPTIMIZES YO ONE OF FIVE LIMITS DRIV 680
PRIV 681

DUURLE PRECISIUN TITLE DRIV K82
REAL MACF, MAPR, MULEWT, JODULEF DRIV 683
DIMENS ION ATAS(29,11), FLUW(32) DRIV 6864
LOGICAL IEKROR, YES DRIV 685
COMMON /MATRIX/ ALPHA{1U, 111, ATAR{29+11), R2(29), DRIV 6854
X BETACLU,111), BH(3Z2 ), 3LADE(29), BT(32), NRIV 687
X CO{10411 .,y LP(32411), CPCO(6), CR(32,11), DRIV 688
X CSLOPE{10,11)y CUZLLL), Cut32,11) - CUCO(2945) DRIV 682
X CXx{324111, CaM{10,111), CYXNEW({10,11), C XRATO(29) » DRIV 69)
X CXS(10y11), DAC10), DELMI11), DEPVI10,11), DRIV 691
X DFL20), DFACT(29,11), DFL(29), DFLOW(32), DRIV 692
X EMACH{294+11), FOUND{20,3410), FROEL(10,11), GAMMA (32,110, NR{V #a3
X HMN{29), HUB( 32}, IKK(10), MACH(29,11), DRIV 696
x OBAR(29,11), POL32411), F(22,11), RCURVE(10411), DRIV 695
X RH{32}, FHO(32:11 ), RINT(11), ROSTAG( 1LY, DRIV /74
X RS{32), RSLOPE(LO,11)y RTRAILILLD, SOCU29,5), NRIV 637
X SGLID(29.11), SSC0(29451), TERM1(10411), TERMA (11}, JRIV 698
X TERMB(11}Y, TERMC{11), TIP(32), TITLF(12), DRIV 699
X TU{32,11), TSTATI{11),. 32.11), will), DRIV 70D
X X{(32) DRIV TN
COMMON /SCALER/ A AA, AlLGAO. A2G2A0, A30D3A0, A404A0, NRIV 702
X A50540, &, BB CCy C My CMEAN, CMEANP, CQINTG, DRIV 703
X CP12, P13, CPla, CPIS, cPIb, CP02, L P03, P04, DRIV 704
X CPO5, CAMP, OCP, DD, DIFC¥, DT, DUMMY, [ RASL, NRIV 705
X Gy GASK, GJo GRy GR2, JUULE, MAPR, MOLEWT, DRIV T7N6
X PCCO, Qs RPM, TCP, TERMD, TESYRH, TESTDS, TESTMS, DRIV 707
X TOCO, H I TULAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP, NRIV 708
X TOLCX, TYOLR, TOYINT, TOTPR, V, VMl ' DRIV 703
COMMCN ZINTEGR/ 1o LB, 181, 1DUMP, [FRROR, IFIRST, DRIV 71D
X o ICUTTR, [PASS, IS, 17, Jo J IN, JJ - DRIV 711
X JM, JM1,y Ky Kl KKy Ly LIMIT, LSTAGE, DRIV 712
X MSTAGE., NLINESe NTUBESy NX» NX1, YES NRIV 713
EQUIVALENCE  (ATAR(L+1)+ATASIL,1) ), (FLOW(1),DFLOWIL1)) DRIV 714
COMMCN /%NcRGY/ Fy Ty GAMMER DRIV T15
COMMCN /VMINZ VO (29) DRIV 715
DRIV 717

COMMCN /SPECAL/ NOKM{16) ¢NX24NOFAIL n]Riy 718
LOGICAL NO FAIL DRIV 713
REAL MSH, NORM DRIV 72)
IF (LSTAGE.GT.1L) GO TO 8 nRiv 721
DRIV 722

wex CALCULATE INLEY GUIDE VANE EXIT QUANTITIES DRIV 723
NRIY 724

T= TGCH DRIV T25
Bx THFRM3ILT) DRIV T2%
DU 5 J=lyNLINES DRIV 727
CULS,J )= (CUCOIS11/R(Byd) +CUCDL542)1/R(54J) +CUCDO(S,3) DRIV 7289
X SCUCULSca) «CUCTIS545)3%R(5,J3)1%R{54J) DRIV 723
He =(CXUS,J )8k +CRUS,JI®%2 ¢CUIS, ) *¥%2)/GJ DRIV 732
Cr . INTALP PRIV 731
5 PL 3ed)3 PICYU =W(JIR(PUCU -POCOXFXPLLTHERMILTSTATL J))~B)/DCP)) DRIV 732
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CRIVE. - FEFN SUURCE STATEMENT - IFN(S) -

8 CONTINUE
D0 50 I=I+IRST,LSTAGEs2

C *xxx COMPUTE PERTINENT OQUANTITIES
J=1
K= 172
A= (R{TI,NLINES) +R{1-1,NLINES) =(RHUID#RH({I=-1-))/ (RS(I)+RS(I-1)

X ={RHUI)+RHLI-1))
SOLICCI+NLINES)= SOCU(T,1)/(SOCO(1,2)+4A)+SOCO(T1.3)+(S0.00 +4)
X #S50C ) T45)%A)%A
A= (RCIy1) ¢R(I+1,1)=RHET)=RHCT+1) I/(RSUII4RSUT+1) -RH( 1) ~vH(I+]1)])
SULTOD(T#1410= SUCOCTI L, 1)/(SUCULTI+14,2)¢A) +SOCTC(I+1,3)
X #(SPCO(I+144) +SUCCUT+],5)%A) %A
V= SQTLCXUT=1,NLIENES)*%2 +CRUT-1,NLINES)%%2
X +(CUL =1 yNLINES)=ULI=1,NLINES) ) *%x2)

c &k [S THIS AN UPDATE WITH NEW EFFICIENCIES

IF (IPASS EV«3.0R.IPASS.EQ.2) GO TO 15
A= SQRT(CX{ I4yNLINES)I*%2 +TRUIJNLINES) *%2

X +{CUL IoNLINES) =U( _ALINES))*%2)

DRT= 1.0 =A/V (UL =1, NLINES)=CUCT=143NULINES)=UCT yNLINES)+CULT,
’ X NLINES )} /V/SULTOCT,NLINES)/2.0

A= SGRT(CX( I®1yL)®®2+4CR{UT 41y 11%x24CU(T41,1) %%2)

B= SOQRT(CX{Tyl)%%x2 +CR{I,1)%%2 +CU(T,]1)%%2 )
Y DSh= 1.0 =A/B & (CU I,1)=-CUCI+1,1))/B/SOLINDIT+141}/ 00
} H==8%B/GJ
¥= TO0(1,1)
) CALL ENTALP
} CALL GAM
MSH= 3/S5QRT { GR2%GAMMERXTSTAT(J))
REL FLD= ATANCCULT g1)=CUlTo1))/SQRTICX(T,1)%%2 4CR(1,11%%2,)

C #x& CHECK FOR LIMIT VICLATIONS

IF ( (URT ~DFLLIN)/DFLLUTYGT. TOLB2

eCRev e v =DFLLTILDI/DFLET*1)GT, TOLRZ
eNRGIMSH ~HMN{ T 1) /HENCLTEDoGT s TOLBR
eURGUCUCTyNLINES) =VOU(IN)/VOLTI) Gfe TOLK2
«URe HMN(I+1} -REc FLOLGT. TOLB2 ) GO YO 19

3 MW X X

c #xx 1S CAL UF YHE LIMITS TU BE MET
IF (LIMITWNEGD) GO TO SC
c ®kxx HAS (NE OF THE LIMITS BEEN MET

IF CGARSCLERTI=DFLIIII/ZDFLITI)LTLTOLB2 JOR,
X ABSULUSH=DFLE T+ 1) I/5FLLT+1)) LT, TOLR2 +OR,
X ABSCMMSH=rHMN( 1)) /Z7BMNTT) ) oL T, TOLB2 J0OR,
I ABRS{{CJUTHNLINES) =VO(INI/VO(ID) LT, TULBZ LOR,
X ARSUREL FLO “HMNULI¢1)) LT TULB2 ) JANDs NO FAILL ) GO TO 50

C ##%x CALCULATE THE TANGENYIAL VELUCITY FROM

B-19
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priv
DRIV
DRy
neRlIvV
HRIV
JRIV
NRIV
DRIV
DRIV
LRIV
NRIV
DRIV
DRIV
DRIV
DRIV
DRIV
pelv
DRIV
DRIV
DRIV
NRIV
NRIV
DRIV
DRIV
DRIV
DRIV
DRIV
NRIV
DRIV
nRlV
DRIV
PRIV
NRIV
DRYV
DRIV
NRIV
GRIV
DRIV
DRIV
ORIV
DRIV
DRIV
DRIV
DRIV
DRIV
NRIV
NRIV
PRIV
DRIV
nRIV
NIV
DRiv
DRIV
DRIV
SrIv
DRIV

733
T2%
7358
735
1137
7138
733
740
741
T42
T3
T44
745
T45
7147
748
T4
7150
751
752
763
754
755
755
757
75»
789
7562
761
T482
763
766
765
1h%
767
763
T63
770
171
172
773
T74
778
T4
A
773
T
78)
TRy
TR
TRY
784
785%
T8%
787
TR8
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ORIVE. - EFN  SCURCE STATEMENT =~ [IFN(S)

THE RITOR TP D-FACTOR

Q= 0.5/SCLIN(T,NLINES)

A=V(]10-CFLUI) ) ¢(UCI-1,NLINESY~CU(1-1,NLINES)I-ULI ,NLINES))*Q

COlLled)=-Za 2{ULINLINES)+A%Q}/(1.-0%Q}

DRIV
DRIV
DRIV
ORIV
DRIV

CO(1429= (CROTWNLINES)®##2¢CXUTI NLINES)*%2+4U(I,NLINFS)I*%2-A%A)/{ ORIV

¥ 140 =-Q%Q)

ERASL= CC(Llol)%*Z - 4,%C0(1,2)

IF (ERAS1.LT.0.) CALL ERROR{ 33)
ERASL= SQPTULERAS 1)

B= -CO(l,1) —-ERASI

IF (B.LE.CsD) B= -CO(1ly1}) ¢ERASI1
Bz 0.5#h

8= AMINLLVO(1),B)

DRIV
NRIV
DRIV
DRIV
nRIvV
OR1vV
DRIV
DRV

= (UCEoNLINES)#E ~U(I-1,NLINFSI®*CUCTI-1,NLINES))I*ATAR( I +NL INES) DRIV

X *2,0/64
T= TC{I-1.NLINES)
CALL ENTALP

PTIP= POUL-14NLINESI®CXPI(THERMI{TSTAT(J)) -THERM3(T)) /DCP)

T ®%% CALCULATE THE TANGENTIAL VELOCITY FRIM
THE HUB ABSOLUTE MACH NUMBER

SQCO=CX{Tsd)*%2 +CR{T,1)%#%2
V= SQCO +CUllsl)2e

H= =V/GJ

T= TO(I.1)

CALL ENTALP

CALL uAM

VMI= GR2#GAMMER*TSTAT(J)

A= VME*HMA( [)*%2 ~5CC0 -
IF (A.LE.0.0) CALL ERPOR{3C)
CUHMN= SQRT (A)

*%% CALCULATE THE TANGENTIAL VELOCITY FROM
THE HUB RELATIVE FLOW ANGLF

CUBETA= Ul 41) -SQRTICX(Iy13%%2 +CRILT,1LIX*2IXTAN(HMNIL+]1))

#3¢ CALCLLATE THE TANGENTIAL VELOCITY FROM
THE STATOR HUB D-FACTOR

AA= (~SQRT(CX(I+1y11%%2 ¢ CUll¢1y1)%%2 + CR(I+1,1) %2} -
X CULL¢1y13/24/SOLINUE+1s 1))/ (DFLET+1V=1,)

BB=o5/(DFLI I+1)-1.1/50LINCI41,1)

CC= AAXRB/(BB*BR-1.)
AA=((CX(ToL)#%24CRUTy1)%%2)-AA%AA) /(] ,~BB#BR)

AA= CC*CC - AA

®xx ERRJR TRANSFER TU A NEW DATA SET

IF (AA.LT.0.) CALL ERROR(11)
AA= SQRT(AA)

##x CHECK FUR MULTIPLE PQSiTIVC ROOTS
CUlly1)=-CC-AA .

B-20

DRIV
DRIV
NRIV
IRTV
NRIV
DRIV
DRIV
DRIV
DRIV
DRIV
DRIV
DRIV
ORIV
DRIV
DRIV
DRIV
ORIV
DRIV
NRIV
DRIV
DRIV
DRIV
ORIV
DRIV
ORIV
DRIV
DRIV
DRIV
DRIV
DRIV
DRIV
DRIV
DRIV
ORIV
DRIV
DRIV
DRIV
DRIV
DRIV
ORIV
DRIV
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789
77)
91
792
791
T4
795
795
197
798
799
800
891
02
803
0%
805
805
807
809
809
812
811
812
812
814
815
815
817
818
819
82)
821
822
823
824
825
825
827
828
829
833
831
832
a33
8364
835
834
837
834
839
849
841
842
843
B4%
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DRIVE. - EFN SOURCE STATEMENT - IFN(S) -

IF. (CUlI41).LE.O.U) CULL,1)=AA-CC )
‘s#x SELECT THE MINIMUM CF THE HUB TANGENTIAL VELOCITIES

CUlTel)= AMINLICUCI,1)s CUHMN, CUBETA)

H= (CULT, 1I%U(T41" =CUCI-1410%U(T, 1)) *ATAR(T,1)#*2.0/GJ
T= TO(I-1,1)

CALL ENTALP

A= (RUT, 1) -RHLTIN/Z(RSCI) =RH(T1))

A= NORM(K ;«(CUCOLE,1)/7(CUCDLT,2) +A) +CUCOLI+3)

X + (CUCG([,4) +CUCO(T,S)*A)=xA)

#%% CALCULATE THE REQUIRED TIP TOTAL PRESSURE

POCI,NLINES)= AMINL( PTIP, PB(l-i.l)‘E(P((THERPB(TSTAT(JI)

X —THERM3(T)}/ DCP) /A )
*Ex DéTERMINE FLOW PARAMETERS
15 DO 20 J=1,NTUBES
#8% JETERMINE THE TOTAL PRESSURES FROM THE PROFILE

A= (ROIL,J)-RHULDIZ(RSEUTV-REHLT))

DUCIBILITY, OF THE ORIGINAL PAGE IS

b(jC)Rﬂ P

11702767

ORIV
NRIV
DRIV
NR1vV
DRIV
DRIV
DRIV
DRIV
ORIV
DRIV
ORIV
DRIV
DRIV
DRIV
NRIV
DRIV
DRIV
DRIV
ORIV
DRIV
NRIV
DRIV
DRIV
DRIV
DRIV
DRIV

20 PO(l,J)= POCI,NLINES)I®NORMIK 1 *(CUCO(T,11/7(CUCOLT 2)+A)+CUCOCT,43)NRIV

b3 +(CUCLIT ,4) ¢ CUCO(L,5)%A)%A) -
00 30 J=1,NLINES
IF (PN(I,J)LEL,POLI-1,J)) CALL ERROR (22)

=2 GET TWE TOTAL TEMPERATURF PROFILE

CALL THERFZ(PO(I'Jl/PO(I’I'J!'TO(loJ);TO(l-lel)
H= THERMLI(TO(T,J)) —THERMLI{TO(L=14J))
H= H/ATAR(1,J)

*%x% COMPLYE THE CORRESPUNDING TANGENTIAL .VELOCITY

CUCLyJ )= (0o5%kxCGI +CULT-1,2d12U(T-1,J))/7UlT,4J)
T= TOl1-1+J)

CALL ENTALP

TO(Isd0= TSTAT(J)

H= ATAS(1+¢1,J)%H

CALL ENTALP

POCI*Lyd )= POLLI-1y JIRXEXPU(THERM3(TSTAT(J)) =THERM3(T))/DCP)

CALL THERWNMP

TOUI+Ll4d)= TOLUL,J)
CP{l+led)= CP(I )
GAMMA( T+1,J)= GAMMA(I,J)

*x& DETEFMINE THE TANCENTIAL VELOCITY AT THE STATOR EXIT
30 CUCI®lod)= (CUCOCTI+Ly 1 d/R(I+1yJ) ¢CUCCIT+1,42))/R{T+1,4J)

X +CUCO(1+¢1,3) o :
X +(CUCO(T41,4) 4CUCOCT+1,500RET+1,J) IRIT410I)

B-21 -

ORIV
PRIV
ORIV
NR1v
DRIV
NRIV
DR1V
ORIV
DRIV
DR1V
DRIV
NR1V
DRIV
DRIV
DRIV
DRIV
ORIV
DRIV
DR1V
DRIV
DRIV
DRIV
NRIV
DRIV
DRIV
rRLv
oy
DRIV
DRIV

84s
845
847
848
/43
85)
851
852
853
854
855
855
857
858
853
86
861
R62
863
8646
8565
865
867
869
8563
870
871
87?2
873
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875
875
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880
881
682
883
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8856
887
8asg
883
89)
891
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893
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897
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893
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50

60

| TR

DRIVE.
CUNTINUE

% U OATE

T e

- EFN

THE EXIT

DU 60 [=hX2¢NX
DC 60 J=1,NLINES

POtI,J)=
CullsJli=
CPll,yd1=
TO(LJ)=
GAMMA( [,J)=
RETURN

END

PO(1-1+J}

SOURCE STATEMENT

CULT-14J)%2R(I=-1,J)/R(1,4J)

Criil-1eJ)
roti-1,4)
GAMMAL [-1,J)

B-22
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L N

=~ "REPRODUCIBILITY OF THE OR

11

IFNC(S)

IGINAL PAGE 1§
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DRIV
DRIV
DRIV
DRIV
DRIV
NRIV
DRIV
oR1vV
NRIV
DRIV
IRIV
NR1vV
NRIV
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901
902
903
306
205
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20

ENT.

SUBROUT INE

- EFN

ENTALP

COUBLE PRECISION TITLF

COMMCN /ENERGY/ ky Ty

CAMMER

SUURCE STATEMENT -

IFN(S) -

s¢¢ CALCULATES THE TEMPERATURE RISE CORRESPONDING TO AN
ENTHALPY CHANGE

B82(291),
BRT(32),
CR(324,11)
CHCOLZ29+5)

C XRATN{Z29),
DEPVI1O,11),
DFLOW(32),
GAMMA (32,11,
MACH{29,11),
RCURVEL(1N,11),
ROSTAG(11),
SOCO(29+5)
TERMA(1]),
TITLE(12),
w(ll),

A303A0. A40D4A0,
CMEANP, COINTG,
cPD3, CPO4,
DuUMMY, ERAS],
MAPER, MOLFWT,
TESTNS, TESTMS,
TOLTIP, TOLCP,

TERROR,
JINy
LIMIT,

IFIRST,
JJy
LSTAGE,

REAL MACF, MAPR, MGLEWT, JOULE

OIMENS ILN ATAS(29,11)s FLCW(22)

LOGICAL IERROR, YES-

COMMCN /MATRIX/ ALPHKA(]10,11), ATAR (29,11},

X BETAL10,11), BH(32), BLADE(Z9)

X CO(10411), CP(32,11), cPColel,

X CS5LCPELLIO,11)y CUZ2(LLY. CU{32411},

X Crt132,11), CXM{ 10,1114, CXNEW(10,41i1)
X CxS(1a51 1), DALLO), DELMI(L11),

X DFE{20), DEACT(Z9,411), DFLL Z9),

X EMACH{29,11), FOUND(20,2410), FRDEL(10,11),
X HMNI29}, HUB(22), IKK(10),

X OBAR(29,11), - POL32+11) R(32,11),

X RH({32), RHCQ(32411), RINTI11),

X RS{32}), RSLOPE(L10,11), RTRAIL(LNLY),

X SOLID(29,11), SSCO(29+¢5) TERM1(10,11),
X TERMB(11), TERMC(11), TIP(32),

X TO(32,11), TSTAT(11), Uitdz,tld,

X X(32) ) .
CIMMON /SCALER/Z A, AA, ANLOAGOy A202A0,
X ASOSAO' 9' BB' CC. (M' ) CMEAN'
X Cpl2, cp13, CPlI4, CPISe - CPl6, coQ2,
X CPO5, CAMP, oce, DD DIFCM, DT,

X Gy GASK, LJy GRy GR2, JOULE ,
X PUCO, Co RPM, TCPQ TERMNDy TESTBH,-
X TOCO, TOL, TOLAT, TuLB2, TCLMIN, TOL1S,
X TOLCX, TOLR, TCYINT, TGTPRy V, VMl
COMMCN /ZINTEGR/ I, 1B,y IBl,y L DUMP,
X 16, ICUTTRy IPASS, IS, iv, Jo

X JM, JM, Ky Kl KKy Ly

X MSTAGE, NLINESy NTURES, NX, NX1, YES
EQUIVALENCE (ATAR(141)sATAS(141))y (FLOWIL),DFLONW(]))

HOT= THERML(T)

TSTAT(J)= H/CP(1,1) +T

DO 10 ITER=1,25

HIT= THERML(TSTAT(J))

E=H-HIT +HOT ‘

TSTAT(J)= E/CP(L,1) +TSTAT(J)
IF (ABS(E).LE.O0.CL) GO TO 20
CONT INUE

CALL ERROR(8S)

RETURN -

END
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EXNROR, - EFN SOURCE STATEMENT - IFN(S) =~

SUBROUTINE ERROR ( JERR)

COUBLE PRECISION TITLE .

REAL MACFs MAPR, MOLEWT, JOULF

DIMENS [UN ATAS(2S,11)y FLOW(32)

LOGICAL IERRDR, YES -

COMMCN /MATRYX/  ALPHA(L10.11), ATAR(29,11), R2(29),

X BETA(}Ovll,' BH(32), BLADE(29), BRT(32),

X CN(10,11), cP(32,11), ceCotny, CR{32,111,

X CSLOPEL1IO,11)y CUZ2(11), Cul32,11}, CUCO(29+5),

X CX{32+11) TOCXMI10411), CXNEwW(10,11), CXRAT(G{291)

X CXS{10,11), DA(101}Y, DELM(LL), DEPV{10,11),
¥ DF(20), DFACT(29,11), DFL(29), DFLOW(32)

X EMACH(29,11), FGUND(2Cy3,10),y FRDEL(1O0,11), GAMMA (32,110,

X HMN(29}, © HUB(32Z2), IKK(101), MACH({29,11),

X OBAR(29,11), POC232,111), R(32,11), RCURVE(10,11),
X RH(32), RHOC32,110, RINT(11), ROSTAG{11 ),

X RS132}), RSLOPE(1O0¢11)¢ RTRAILI11), SOCO(29,451),
X SCLID(29,11), SSCA(294:51). TERM1{10,111Y, TERMA(L1Y,
X TERM3(11}), TERMC(1Y1), TipPL32), TITLE(L2),
X TO(32,11), TSTAT(11), Ut3z,11y, Willd,

X X(32)

COMMCN /SCALER/ A, AA, A10A0, A202A0, A303A0, A4D4AQ,
X AS0USAG, B8, ‘BB CCy Cr,y CMEAN, CMEANP, COINTG,
X CPIL2, cpPi3, CPla, cP1 5, cPl6, cPa2, c P03, CPO4,

X CPOS, DA 4P, CCPy 0D, NIFCK, DT, DUMMY, FERAS1,
X Gy GASK, GJy GRy - GR2 JOULE, MAPR, MOLEAT,
X POCO, Ce RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS,
X TOCO, TOL, TOLAT, TOLB?, TOLMIN, TUOLMS, TOLTIP, TOLCP,
X TGLCX, TOLR, TOTINT, TCGTPR, V, - VMI

COMMCN /INTEGR/ 1, g, 181, [OUMP, TFRR{R, IFIRST,
X 1G, ICUTTRy [IPASS, ) IT, J JIN, Jdo
X JM, JV1, Ky Kly XKy Ly LIMIT, LSTAGE,
X MSTAGE, NULINESe NTURES, NX, NX1, YES

EQUIVALENCE = (ATAR(1y10yATAS(Y,1))y (FLOW(Y) DFLOW(L))

CCMMON /ZENERGY/ t+y Ty CAMMER
COMMCN /VMIN/ VO (29)

INTEGER ALTER

CCMMGN /SPECAL/ NNDRM(l4)y NX2y NO FAJL

COMMON /VGEUM/ ALH( 291}, ALT(29), ALTER
X ASPECT(29), FPATH, SAVEA(29)

CATA [ER /0/

WRITE {6,5) IERR -

5 FCRMAT (/// 13H ERRUOR NUMBER (377777}

IER= [ER +1 ' .

IF (IER.GT.25) GO TO 108G .

GO YO (10y 20+ 30y 4Oy 50y 60y 70y 90s 90y 10D, 110, 120,
X 130y 1404 150y 160y 170y 180+ 190, 200y 210y 220y 230, 240, 250,
X 260, 270, 240, 310y 320, 330y 340, 250) 41ERR

290y 300,
10 WRITE (&,11) :

11 FIORMAT (9X 65HTHE LOSS DATA SFT REQUESTEND FROM THE MASTER FILF IS

XNOT AVAILAALE 1
Kl =1
GO TO 1040
20 WRITE (6421) 1

- ERRO

11702767

962
963

ERRN
FRRD
ERRN 944
ERROD 965
FRR() 945
EPR(G 967
ERPRD 969
ERRD 943
ERRD 97)
ELRD 971
ERRD 972
ERR( Q73
ERRN 974
EPP] 975
ERRY 976
ERRN 977
ERRD 978
ERRU 979
FRRO 94)
ERRO 9A1
ERR) 9R2
ERRMN QR13
SRRN 984
ERRN 985
ERRN 944
ERRO 987
£RRO 988
ERRN 943
ERRN 99)
ERRN 991
ERRT 99?2
ERRN 9913
ERRO 994
ERRO 995
ERRN 9954
FRRO 997
ERRD 998
999
ERRN1000
FRRO1001
ERRD1002
ERRDO1003
ERRDO1004
ERRN1005%
ERRN100%
FRRO1007
ERRN100A
ERRO1009
ERRI101)
ERRO1I1011
ERRO1012
ERRO1013
ERRO101¢
ERRO1019%

21 FORMAT (9Xx STHTHE AXLAL MACH NUMBER OF THE MIDOLF STREAMLINE AT STFRRO101%
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ERROR, - FEFN SOURCE STATEMENT - IFN(S) =~

B-25
e

it itnod ot ibadb e e ¢ -

XATIOM 13 / 93X LiHEXCEEDS 1.0 ) ERRO1017
GU TO 1200 FRRO1018
30 WRITE (6,21) I ' FRRM1019
31 FORMAT (9X 44H.ONTINUITY COULD NOT BE SATISFIED AT STATION 13 ) ERRO102)
GN TO 1000 ERRO1021
40 WKITE (Ayal) ERRI1022
41 FORMAT (9% 4O0HTHFE AXIAL VELOCITY [TERATION HAS FAILED. ) ERRN1023
GO TO 1000 : ERRN1024
S0 WRITE (6,51) DELM ERRN1025
51 FORMAT (93X 44HTHE FRACTIONAL MASS FLOWS ARE NOT INCREASING / 9X ERRO1026
X 11F1043 / 9X 24HTHEY witLL BE CHANGED TO. 1} ERRD1027
Az 1 0/FLCATINTUGES) ERRO1028
DELM(1)= 0.9 , ERRD1022
CO 52 J=2,NLINES ] ERRD1030 .
52 DELM{J)= DELM(J=1) +A FRRN1031 :
WRITE (6483) DEWM- . ERRI1032
3 FORMAT (99X 11F10.3) ERRN1033
GU TO 1040 ERRN1034
60 WRITE (6461) ERRN1035
61 FORMAT (9X S52HTHE NUMBER OF STREAMLINES MUST BE EITHER 5.7,9 OR 11ERRD1036
© X 79X 2IMEXECYUTION TERMINATED. ) ERRN1037
G0 Yo 1030 ERRO1038
70 WRITE (6,71} ERRI1033
71 FORMAT (SX 35HNU MORE ThAN 12 srAses CAN HE “INPUT ) ERRO104)
MSTAGE= 12 ERRO10641
GO TC 104C FRRN1042
80 WRITE (6,81)Hyisd ERRN1043
81 FORMAT (9X 23HA CHANGE IN ENTHALPY OF £E14.5, 30H HAS LEAD TO A FAIFRRO1044
XLURE TO FIND /79X z6HA TEMPERATURE NEAR STATION [3, 154 AND STREAMLERRD1045
XINE I3 ) ERRD1N4S -
GO TO 1020 ERRI10647 z
90 WRITE (5,91) FRRO1048 o
91 FORMAT (9X SBHTHE DESIRED PRESSURE RATIO COULD NO1 BE MET (WARNINGERRO1049 B
X ONLY)) . ERRN105) i
GO TG 1040 : ERRO1051 :
100 wWRITE (6,101) FRRDI1052
101 FORMAT (9X 6BFEITHER A NON=-POSITIVE [MNLET TEMPERATURE OR PRESSURE ERRD10S53
XHAS BEEN READ IN ) ERRN105%
TOCO= ABS(TICU) ERRN1055
PGCO= ARS(P0QCO) ERRO105%
IF (TOCO%PUCALEQOL0) GO TO 1010 ’ ERRNL1O57
GO TO 1040 FRRO1058
110 WRITE (5,111) 1 FRR110%9
111 FORMAT (9X 34HTHE STATOR HUB D=-FACTOR AT STATION 13, 16H IS UNATTAFRRO1060
XINABLE ) ERRN10451
' GO TO 1000 - : FRRN1062
120 WRITE (6,121) I - ERRI1063
141 FORMAT (9YX 50HA NEGATIVE STATIC TEMPERATURE HAS REEN CALCULATED ATERRI10AG
X STATION I3, SHCHECK /9X 33HTHE INLET CONDITIONS AND THE AREA) ERRD10AS
GO TO 1020 FRRO106%
130 WRITE (6,131) ALTER ERRILI06T
131 FORMAT (9X 36HA NEGATIVE AREA 1S NEEDED AT STATION 13) ERRO1068
60 TO 1000 ERRO1069
140 WRITE(6y141) . ERRO107D
141 FORMAT (9X 44HA NUON=-PUOSITIVE ASPECT RATIO HAS BEEN READ IN) ERRN107Y =8
ASPECT(I )= 2,5 enagtovz“W';~
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ERROR, - LFN SOURCE STATEMENT <« [FN(S) =
GO TO 1040 FRRD107?
150 WRITE (6,151) 1 ERRJI 1074
151 FORMAT (9X SAHA NON=-POSITIVE TOTAL TEMPERATURF HAS BEEN ©NUND AT SERRN1075
XTATION 13 ) FRROYVOTS
[ERk= 1ER 45 ERRO107T
GO TC 1020 FRRO1078
160 WRITE (os,161) J,l ERRJ10793
161 FORMAT (9X 13HON STREAMLIMNE 12, 13H NEAR STATION I3, 524 A NON-POSFRRI10R)
XITIVE STATIC TUMPFRATURE HAS BEEN DETECTEN ) ERRN1081
GO TO 1020 ERRN1082
170 WRITE (H6,171) HLADE(I) ERPRMN1083
171 FURMAT (9X [5¢ 44H [S AN TLLEGAL SELECTION OF A LCSS DATA SET. / (£RRD10R4
X 9X 24HIT WiILL BE CHANGFD TO 1. ) ERRNI10ARS
IER= [ER +5 ERRD 1085
BLADE( 1= 1 FRRN1087
GO T0O 1040 FRRN1088
180 WRITE {5,181) FRRN10A47I
181 FORMAT (9X 64bNCNE OF THE AERCDYNAMIC LIMITS COULD BE MET AT MNE NERRO1099D
XF THE STACES) ERRJ1091
GU T0.1000 ERRN1092
190 WRITE (54191) ERRI1093
191 FORMAT (9X 3BHTHE ITERATIUN ON EFFICIENCY HAS FAILEN ) ERRD1094
GO TO 1GU0 FRRN109S
200 WRITE (6,201) [ICUTTR ERRN1096
201 FORMAT (112, 29H 1S AN ILLEGAL OUTPUT TRIGGER ) ERRO1097
ICUTTR= 1 ERRDO1098
GO TO 1040 : - ERRN1099
210 WRITE (6,211} . . FRRO110)
211 FORMAT {9X 4SHAN UNREASONABLE HUB BLICKAGE HAS BEEN READ IN ) ERRN1101
BH(I)= 1.0 ) FRRD1102
GU TO 1040 ERRN1103
220 WRITE (6,4221) 1 FRRJ1104
221 FORMAT (9X S5H9HTHE TOTAL PRESSURE HAS DROPPED ACROSS THE ROTOR AT SERRD110S
XTATICN 13 ) ERRO110%
GO TO 1000 ERRN1107
230 WRITE (64231) 1 B ERR(O1108
231 FORMAT (9X 44MTHE HUB AND TIP RAMP ANGLE LIMITS AT STATION I3 /79X ERRO1109
X 25HHAVE BEEN READ IN AS ZERD ) ERROL111)
RH([)= 20.0 ERRN1111
GO3 TO 1040 ERRN1112
240 GO TO 1010 ) ERRNI113
250 WRITE (64251) ERRD111%
251 FORMAY (9X 45HAN UNREASCONABLE TIP BLCCKAGE HAS BEFN READ IN ) ERRO11115
ar(ir= 1.0 FRRI1119
GO TO 1040 ] ERRO1117
200 WRITE (64261) ERRN111%
261 FORMAY (9X 44HTHF [TERATICN ON TEMPERATURE RISE HAS FAILED ) ERRDO11193
GO Tu 1000 : FRRN112)
270 WRITE (64271) ERRI11.1
271 FORMAT (9X 13HON STREAMLINE I3, 11+ AT STATION 13, 544 A NON-POSITERRN112?2
XIVe STATIC TEMPERATURE HAS BEFN CALCULATED ) ERRN1123
[ER= [ER +9 FRRO112¢4
GO TO loouv ERRO1125
280 WRITE (64281) 1 ERRO112%
281 FURMAT (9x S8HAN UNREASONABLE D-FACTOR LIMIT HAS BEEN READ IM AT SERRO1127
“XTATION 13 ) FRRO11 2%
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ERROR, - LEtFN SOURCE STATEMENT =~ IFN(S) =

DFLLI)= 0.3 ERRO1123

GO TO 10u4C FRRDI13)

290 WRITE (64291) 1,4 J ERRI1I131
291 FORMAT (9X STHTHE PRANDLE-MEYER ANGLE ITERATION HAS FAILED NEAR STERRDL1132
XATION 13, 14H ON STREAMLINE I3 ) ERRII1133

GO TO 10C¢O0 FRRO117%4

200 WRITE (64201) | FRRO11135
301 FORMAT {9X 33HTHE FUB MACH NO. LIMIT AT STATION {3, 48H IS TOO LOWEFRRD1135%
Xe THE MERIDICNAL MACH NO, IS GREATER 19X 15HTHAN THE LIMIT. ) ERRO1137

GO 70 1100 ERRNO111217

310 GO 10O 1010 ERRI1139
320 WRITE (6,221} | FRRO114D
321 FORMAT (9X 83KREITHER A PRESSURE DROP (R A NON-POSI TIVE TEMPERATUKREERRN1141
X HAS BEEN CALCULATED AT STATION 13) ERRI1142
IER= [ER 49 ERRN)143

GO TO 1000 FRRO1144%

330 WRITE (64231) 1 FRRO1145
331 FORMAT (9X 33HTHE ROTUR TIP D-FACTOR AT STATION I3, 15H CAN NOT BEFRRO11456
X MET ) FRRO1147

GO TO 1000 FRRO1148

340 WRITE (hKe341) ALTER ERRO1149
341 FORMAT (9X S5SHTHE EXIT ARCA REQUIRED BY THE VELOCITY RATIO AT STATERRDI1150
XION [3,19% 21HCAN NOT Bt DETERMINED ) ) ERRNO1151

60 TC 100C FRRN1162

350 WRITE (64351} ERRM1153
351 FORMAT {(9X 36HTHE ITEKATIC. i N HEOMETRY HAS FAILED ) FRRN1154
1000 CALL OUuTPUT ERRN1155
1010 CALL Q45 ERRN1156
1020 CALL PDU;P(ALPHAoX(32)vloAfVM[o1'IvYESoZvNDRM'NDFAILolvVU,VD‘ZQ’ ERRN1157
X olsALHySAVEA(29),1) FRRO11S58

GO 70 101C ERRO1159

1030 CALL EXIT FRRNI116)
1040 RETURN ERRI1161
1050 WRITE (6,1051) ERRI1162
1051 FORMAT (9X 56HTOC MANY E£RROR HAVE BEEN DETECTED. EXECUTION TERMINERROL1163
XATED ) - ERRI1164%

60 T0 1030 ERRN1165

END ERRN1165
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SUERDOUTINE GAM

TR

Fryy

SHURCE STATEMFNT -~

ITFN(S) -~

%% THIS SUBROUTINE CALCULATES THE RATIN OF SPECIFIC HEATS

OCUSBLE PRECISIUN TITLE :

REAL MACH, MAPR, MOLEWT, JOULE

DIMENSIUN ATAS(2S,11), FLOW(32)

LOGICAL IKFROR, YES

COMMON /MATRIX/ ALPHA{10,111, ATAR(29,11), B2(29),

BETAL LOy 111}, BH(32), BLADE(29), B8T(32),
CC(10,111, CPL32,11), (PCO(6), CR{32,11i,
CSLCPE(10411), CU2(11), CUl32,11), CUCD({29,45),
CX(32,111, CXM(10,s11), CXNEW(10,111, C XRATO(29),
CXS(10,1110, NDA(10), DELM(IL1), DEPV{1O,11),
DF(201), DFACT{(29,11), DFL(29), DFLOW(32),
EMACH(29,11), FOUND{2G+3,10)y FRDEL{10,11), GAMMA {22,119,
HMN{29) , HUB(32) IKK{10), MACH( 29,11},
OBAR( 29411 ), PU(32,11), R(32,11), RCURVE(104111},
RH{32), RHC{32411), RINT(11), RCSTAG(11),
RS({32), RSLOPE(10411)y RTRAIL(LL), SOCN(29,5),
SOLID(23,11), SSC0(2945) . TERM1{10,11), TERMA(11l),
TERMBI(11), TERMC(11i, TIP(32), TITLE(L2),
TO(32,111, TSTATI(11), U(3z2,11), will)

X{32)

CUOMMCN /SCALER/ A, AA, A10AOy A202A0, A303A0, A404A0,
AS50U5A0, By BBy CCy M, CMEAN. CMEANP, COINTG,
cpPl2, P13, CPl4, CPIS, CPi6, CP02, c P02, CPO4%,
CPOS, CAMP, poCe, DD,y DIFCM, DT; DIIMMY,  ERASL,
Ge CASK, GJy GR,y GR2, JOULE, MAPR, MOLEWT,
PLCO, Co REM, TCP, TERMD, TESTBH, TESTDS, TESTMS,
TUCO, TOL, TCLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP,
TCLCXy TOLRy TOTINT, TOTPR, V, VMI

COMMON /INTEGR/Z I, 18, 181, I0UMP, [TERROR,y [FIRST,
1Gy ILUTTR, 1PASS, 1S, 1T, Jr JIN, JJdo
JV, JMl, Ky Kly KKy Ly LIMIT, LSTAGF,
MSTAGE, NLINLS, NTUBES, NX, NX1 YES

EQUIVALENCE (ATAR(191)9yATAS(Lly1¥)y (FLOW(L) DFLCW(L1))

COMMON /ENERGY/ ks Ty GAMMER

A= CPCILY «(CPCO(2) +(CPCUC3) +(CPCO(L) +(CPCO(SK) +CPLCOLH)

X
X

*TSTAT (J)

*TSTAT ()
GAMMER=
RETURN
END

PRTSTAT(J)
V&TSTAT(Y)
A/(A -DCP)

JETSTAT(J)
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GAME1147
GAME1168
GAME]L169
GAMELL1TD
GAMETILTL
GAMEL1172
GAMF1173
GAMEL1T%
GAMEL117%
GAMF 1175
GAME1177
GAME1178
GAMEL1T79
GAME118)
GAMF1181
GAME1182
GAME1183
GAME1184
GAME11R5
GAMF 1185
GAME1187
GAME11188
GAME1183
GAME119)
GAME1l191
GAME1192
GAMF 1193
GAME119%
GAME 1195
GAMF1196
GAME1197
GAME1198
GAME1193
GAME120)
GAME1201
GAME1202
GAME1203
GAME1204
GAME 1205
GAME 1206
GAME1207
GAMF1203
GAMEL1203
GAME121)
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GEGM, - EFN SUURGCE STATEMENT -~ TEN(S)Y -

SUBROUTINE GECM GEOM1211
COMMCN /VANE/ NBLADE GEOM1212
DOUBLE PRFCISION TITLE GFOM1213

REAL ™MACH, MAPR, MOLEWT, JOULE GFOM1214
DIMENS JON ATAS(2S,11), FLOW(32) GFOM1215
LOGICAL IERROR, YES GEOM1215
COMMCN /MATRIX/ ALPHA(10,111), ATAR(29,11), B2(291), GEOM12Z217

X BETA(10,11), BH{32), BLADE(29), BTi32)., GEOM1218

X CC(104+11), CP{32+s11), CPCOI(6) CR(32,11), GEOM1213

X CSLOPE(10.11)s CU2(11), Cut32,11), CUCO(29+5) GEOM122)

X CX{(32s111), CXM{10,11), CXNEW(10,11}, C XRATQO(291, GEOML221

X CXS{10,111}) DAC10), DELM(11), DEPVI10411)), GEOM1222

X DF{20}), DFACT(29,411), DFL(29), DFLOW(32), GFNM1223

X EMACH(294+11) FOUND{(2Cy3,10)y FRDEL'10,11}, GAMMA(32,11), GEOMI224

X HMN{29), HUB(32) IKK{10) MACH(29,11), GEOM1225

X OBAR{ /94111, POI32,11), R{32+11), RCUPVE(10,11), GEOM1225

X RH{32), RHO( 32,11, . RINT(11), ROSTAG(1L1 ), GEOM1227

X RSi32}), RSLOPE(104+11)y RTRAJL(1L1}, SICNE29+5) GEOM1228
X SCLID(Z29,11), S3C0(2945 ), TERMI(10,411), TERMA(LYL) , GEOM1223

X TERMB(11l), TERMC{11). TiP(32), TITLF(12), GENM123D

X TCU32411) TSTAT(11) . U(22411) w(lll, GEOM123%

X X{32) GEOM1232
CUOMMON /SCALER/ A, AA, ALCAO, A202A0, A303A0, A404A0, GEOM1233

X A505A0, By BBy CCy M, CMEAN, (MEANP, COINTG, GEOM123%

X CPI2s cp13, CPla, CP15, (Plé6. CPO2 P03, CPO4, GEOM12135

X CPOS, DAM3, DCP DD, ODIFCM, DT, DuMMY ,  ZRAS1, GEOM1236

X Gy CASK GJy GR: GR2 SJOULE » vV APR, MOLEAT, GE' M1237

X POCO, G RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS, GEOM1238

X TOCO, 10L, TOLAT, YTOLB2 TCLMIN, TOLMS, TOLTIP, TOLCP, GEOM1233

X TOLCX, TOLR, TOUTINT, TOTPR, V, AL GEOM124)
COMMCN /INTEGR/ 1, lby 181, IDUMP, [ CRROR, IFIRST, GEOM1241

X 1G, ICUTTR, 1PASS, 15, 17, Jy JIN, JJdo GFOM1242

X M, JMl Ky Kly KKy Ly LIMIT, LSTAGE, GEDOM1243

X MSTAGE, NLINES, NTUBES, NX, NX1, YES GEOM1244
EQUIVALENCE {ATAR(1y1)4ATAS(1,1) ), (FLOW(1) ,DFLOWILIN) GEOM1245
INTEGER ALTER GEOM1245
COMMCON /SPECAL/ NCRM(141, NX2, NO FAIL GEOM1I 24T
COMMCN /VGEQOM/ ALH{29)Y, ALT( 29}, A_TER, GEOM1248

X ASPECT(29), FPATH, SAVEA(29!} GEOM1243

REAL NORrWV GEOM125)

; GEC%1251

C %% [TERATION DAMPING FACTOR GEOM1252
DATA RETARD / 0.4 / GEOM1283
GEOM1254

GENM1255

C #k%x SET THE BLADE ROW COUNTER TO ZERO GEIM1256
NTRY= 0O GkO4128%7
GEOM1258

' k% AFTER CNE BLADE ROW HAS BEEN ALTERED THE PROGRAM WiLl GENM1259
c LOCK AT ALL OF THE OTHER BLADE ROWS BREFORE CHECKING GEOM126)
C OR ALTERING THIS ONE AGAIN GFOM12561
GEOM1262

10 ALTER= ALTER +1 GEOM1263
GEOU1264

c x%& [F THE BLADE ROW JUST CHECKED OR ALTERED WAS PHYSICALLY GEOM126%
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GECM. - EEN SGURCE STATEMENT - IFNUS) - i
THE LAST BLADE RGW IN THE COMPRESSOR RETURN Tn THE GEOM1265
EIRST UNE BEINL CCNSIDERED GEOM1267
IF (ALTER.GT.LSTAGE) ALTER= IFIRST GFOM1264
GEOM1259
#%%x CALCULATE THE VELOCITY RATIO GEN%1270
V TO J= CXCALTER ,JM)/CX(ALTER-1,JM) GEOM1271
GEOM1272
«#¢ CHECK ThE ACTUAL VELCCITY RATIO AGAINST THF NESIRED RATIO GEOM1273
IF (AB3(V TO V —CXRATG(ALTER)) ST TOLTIPY GO Y0 30 GFOM127%
, GEN41275
s+« [NCREYENT THE BLADE ROw COUNTER GEOV1276
NTRY= NTRY+1 GEOY1277
, . GEQM12738
s%% HAVE ALL BLADE RGwS BEEN CHECKED GENM127?
1E (NTRY.LE.NBLADE) GO TC 10 GEOM12R)
RETURN : GFOM1281
GEOM1242
«t+ [NCICATE THAN AN UNDESIRABLE RATIO HAS BEEN FOUND GEOM1283
IERROR= .TRUE. GEOM1286
: . GEGM1285
%% SAVE THE HUB,TIF AND AXIAL COORDINATES GEOM1286
OLD HUB= RH{ALTER) . GEOM1287
OLD TIP= RS’ALTER) GEO41283
CLD X= X{ ALTER) GEOM1283
GEOM129)
_ . #%% CALCULATE THE TIP AND HUH LIMITS GEOM1291
TIP LIM= RSUALTER-1) +(X(ALTER) ~X(ALTER-11)#ALT(ALTER) GEOM1292
HUB L14= RH{ALTER-1) +(X{ALTER) —-X(ALTER-1))*ALH{ALTER) GECOM1293
B GEOM1296
*xx% DETERAINE THE EXIT AREA - GEOM1295
AREA= (RSIALTER) —RH{ALTER})#{RSUALTER) +RH{ALTER)) GEO41296
: GEOM1297
*2% CALCULATE iN AREA CHANGE GEOM1298
C ARLA= AREA*({ V TO V/CXkATO(CALTER))®* £ TARD ~1.0) GEOM1299
GEOM130)
_#%% TEST FEASIBILITY OF THE AREA CHANGE GFOM1301
IF (-D AREA.GE.AREA.OR. D AREA.GE.CLD HUB*#*2) CALL ERROR (34) GEOM1302
: : GEOM1303
#%% [S THE AREA TC BE INCRE*SED GEOM1304
IF (D AREA.GT.U.0) GG TO 70 GFNM1305
' GEOM130%
sx& DETERMINE THE NFW HUB GEOM1307
RH{ALTER)= SQRT(RH(ALTER)*#2 -D AREA) GEO41308
GEOM1309
#k% [S THE HUB LESS THAN THE LIMIT GENM1310
IF (RHIALTER).L".HUB LIM) GO TO 90~ GEOM1311
GFOM1312
%% CALCULATE THE AREA 7D B OBTVAIMED FROM THE TIP GENM1313
C AREA= (FJB LIM —RH(ALTER)I#*(HUB LIM +RH(ALTFR)) GEOM1314
‘ - - - GENv1315
«%% SET THE HUB ON ITS LIMIT GEOM1316
RHUALTER)= HUB LIM ) GEOM1317
‘ - GEOM1318
«tx DETERMINE THE TIP RADIUS GFOM1319
RS(ALTER )= SURTIRS{ALTER)**2 +D AREA) GEOM132)
’ E GEOM1321

- -

GE IS POOR..

B-30

-

b d

crtomed

ek Vorl e W Gay e b e e eaid b e eed

R R e

P

"oiond Lielatng o4 el see W ) Pn




GEGM. ~ EFN SOURCE STATEMENT -~ [IFN(S) -~

*%% [S THE TIP ABGVE ITS LIMITY
IF (RS(ALTER).GETIP LIM) GO TO 90

**x CALCULATE THE ANNULUS AREA
AREA= (RS(ALTER) —-RH(ALTER))I*(RS(ALTER) +RH(ALTER))

*¢t DETERMINE THE ASPECT RATIO FROM THE REQUIRED AREA
40 AA= (ALT(ALTER) ~ALH(ALTFR))“(ALT(ALTER) +ALH{ALTER))
**x C+HECK +OK TwO POSITIVE RGOTS

If (AA.EQ.0.0) GC TO 50 .
BB={RS{ALTER-1)*ALT(ALTER) -RH{ALTER-1)}*ALH(ALTER) )/AA

CC= ((RS{ALTER-1) -RHUALTER-1})*(RS{ALTER-1) +PH{ALTER~]1))-AREA)

X /AA
AA= -BB +SQRT{BB**x2 -CC)
GO TO 60

50 AA= ((RSUALTER-1) —RH{ALTER-1))*(RS{ALTER-1} +RH(ALTER-1))
X /{2,0%ALH(ALTER}*{RS(ALTER-1} +RH(ALTER-1)))
60 ASPCT= (RS{ALTER-1) -RH(ALTER-1))/AA
*«xx RETARD THE ASPECT RATIO CHANGE

IF (ABS{(ASPECT(ALTER)-ASPCT)/ASPECT(ALTER))GT40.1)

X ASPCT= ASPECT(ALTER)*(1.0 +SIGN(O.1,ASPCT —ASPECT (ALTERD))

*#*% CHECK THE LIMIY
ASPECT(ALTER)= AMINL(ASPCT, SAVEA(ALTER))

*x%x CALCULATE THE AXIAL LENGTH

DA (RS{ALTER-1) —-RH{ALTER-1))/ASPECT(ALTER)

X{ALTER)= X{ALTER=-1) +CT

- ®%% SET THE HUB ANDC TIP ON THEIR LIMITS
RHUALTER )= RH{ALTER-1) +DT*ALHUALTER)
RS{ALTER)= RSUALTER-1). +DT*ALT(ALTER)

GO 7O 90

*%%x [S THE ASPECT RATIO ON ITS LIMIT
70 IF (ASPECT(ALTER).EQ.SAVFA(ALTER)) GO TO 80
AREA= AREA +0 AREA
GO TO 40 )

#%& DETERMINE THE TIP RADIUS
80 RS{ALTER} = SQRT(RS(ALTERI*%2 +D AREA)

%% [S THE TIP ABOVE ITS LIMIY
IF (RSUALTER}LLF L RS(ALTER-1)) GO TO 90
D AREA= (RS(ALTER)-RSCALTER-1})*(RS(ALTER) +RS(ALTER-1))

#%% SET ThE TIP HORIZONTAL
RS(ALYER)= RS(ALTER-1)

&% DETERMINE ThHE NEwW HUB

RHUALTER)= SQRT(RH{ALTER)I*4«2 -D AREA)
90 I= ALTER
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GENM1322
GEOM1323
GEOM1324
GFOM1325
GEOM1325
GEO%1327
GEOM1323
GEO41323
GEOM1230
GEQU1331
GEOM1332
GEOM1333)
GEOM133¢4
GFOM1335
GEOM1336
GEOM11337

GEOM1338

GEOM1339
GEQM1349
GEOM1341
GEOM1342
GEOM1363
GEOM1344
GEOM1345
GEOM1345
GEOM1347
GEOM1343
GEOM1349
GEDOM1350
GEOM1351
GEOM1352
GEOM1353
GEOM1354
GEOM1355
GEOM1355
GEOM1357
SEOM1353
GEOM1359
GEUM1369
GFOM1361
GEOM1362
GEOM1363
GEQM1364

GEOM1365°
GEOM1366 -

GEOM11367
GEOM1368%
GEOM1349
GENM13T)
GEOM1371
GEOM1372
GEOM1373
GEOM1374
GEOM137S
GEOM1375
GEOM1377
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95

100
110
120
130

140

GEOM, - FEFN SOURCE STATEMENT -~ IFN(S) -~
#%% MOVE THE STREAMLINES
CALL RADIUS

«&% EVALUATE THE PRESSURE NORMALIZING FACTOR [F THIS
' IS A RUTOR EXIT

K= [/2

IF (K+K.NE,I) GC TO 95

A= (RUT,NLINES) -RHUI)I/Z(RSCUI) =-RH(I)]}

NURM{K)= 1.0/ UCO(I,1)/7(CUCC(T,2) +A) +CUCD(IT,3)
¢(CUCOLT,44) +CUCC(1,5)%A)*A)

%% [S THIS THE LAST BLADE ROW
[F (ALTER.EQ.LSTAGE) GG TO 130
= ALTER +1

*x& UP-DATE THE DOWN STREAM BLADE ROWS

D3 120 I=K,LSTAGE

DT= (RS{I-1) -RH{I-1)}/ASPECT(I)

HUB LIM= RH{I-1) +CT#ALKR(I)

TIP LIM= RS(I-1) +DT®ALT(I)

A= RH(I-1) #(RHUI) -CLD LUBI*DT/{(X{I) -0OLD X)
B= RS({I-1) +(RS(I) -0OLD TIP)*DT/(X(I} -0OLD X)
OLD HYB= RHI D) :

OLD TiP= PRSI

OLD X= X(I)
X{I)= X(I-1) +DT
RH(I)= A
RS(I)= 38

*%% CHFCK THE LIMITS

IF (RS(1).LT.TIP LIM) GO TO 100
IF (RH(I).GT.HUB LIM) GU TO 110
GO TO 120

RS(I)= TIP LIM

RH{1)= HUB LIM

CALL RADIUS - -

CALL AN EXIT

*%% UP-DATE THE COMPRESSOR EXIT

DO 140 [=NX2¢NX

CALL RADIUS
GO TO 20
END -
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INEST. - SOURCF STATEMENT -~

SUBROUTINE INEST

*2& MAKES INITIAL ESVIMATES OF AXIAL VELCCITIES FOR
STATIONS BETKEEN BLADE ROWS

EFN IFNCS) -

DOUBLE PRECISION TITLE

REAL MACH, MAPR, MOLEWT, JOULE

DIMENS ION ATAS(2S,11)y FLUW(32)

LOGICAL [IERROR, YES

COMMCN /MATRIX/ ALPHA(10,11), ATAR(29,11), B2(291),

X BEYA{10,11), BH{32), 8LADE(29), B1(321},

X CC(10,11), cP(32,11), CPCOtb), CR(32,11),

X CSLOPEL10.11), Cu2(1l), Cul32,11}), CUCO0(29,45),

X CXt(32:111), CXM(10,11), CXNEW(10,11), C XRATO(29),

X CXS(10,11), DA(10), DELM(11), DEPV(1O,11),
X DF(20), DFACT1(29,11), DFL(29), DFLOWL32),

X EMACH{29,11), FOUND{20+3,10), FRDEL(10,11}), GAMMA(32,11),
X HMN(29), HUB(32), IKK(10), MACH{ 29111},
X DBAR(29,11), PO(32,11), R{32.,11), RCURVE(10,111},
X RH(32), RHO(32411), RiNT{11}, ROSTAG(11),

X RS(32), RSLOPE(10411)~ RTRAIL(11), S0C0(29,5),

X SOLID(29,11), SSCO(29+¢5), ~TERM1(10,111), TERMA(L11),

X TERMBI(11), TERMC (11}, TIP132), TITLE(12)

X TO(32,11), TSTATI(11), U(32+11)» wWill),

X x(32)

COMMON /SCALER/ A, AA, A10AQ, A202A0, A303A0, A404A0,
X AS505A0, B, " BBy CC, CM,y CMEAN, CMEANP, COINTG,
X CpPlL2, cPi3, cela, CPIS, CPi6, CP02, C P03, CPO4,

X CPQS, DAMP, OCP., DD, DIFCM, OT, DUMMY, ERAS],
X G GASK, GJ, GR, GR2, JOULE, MAPR, MOLEWT,
X POCO, Ce RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS,
X TOCQO, TOL TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP,
X TOLCXy TOLR, TOTINT, TOYPR, V, vl .

COMMON 7/ INTEGR/ I, I8, 181, -IDUMP, TERROR,y IFIRST,
X IG, ICUTTR, [PASS, IS, } ) Y Joe JIN, JJde
X JMy JM¥l, Ko Kl, KKy Lo LIMIT, LSTAGE,
X MSTAGE, NLINES, NTUBES, NX, NX1, YES -

EQUIVALENCE (ATAR(1941)4ATAS(1le1l))y (FLOW(1),DFLOWIL))

FELP=1.0

#%¢ ESTIMATE MID-STREAM VELOCITIES

ROSTAG(JIMI=PO( T4 IMI/(TO(14IMI*GASK)

CXCLoJM)=FLOWI L) Z/CROSTAGUIM) ®(RS(T)*%2-RH(] )**2))/3,1415927
VACXE Ty JM) #%2+CUL Ty JM )%%2) /GI/CP( Ty IM)

ERASL= 1.0-V/TO( 1,JM)

**& ERROR TRANSFER TO A NEW DATA SET

. IF (ERAS1.LE.Q.0) CALL ERROR(12)

CXUlodM)= CX(ToJMI/IERASI**{1./(GAMMALT,,JM)=~1,)))
CONTINUE

CM2=CX{TyJM ) %%2

CM2sCM2*FHELP
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100

110

120

130

140
150

155
160
200

400
210

*#4% CALCULATE VALUES OF CU**2 AND ESTIMATE STATIC TEMPERATURES

DO 100 J=1yNLINES
CU21JDI=CUl]lJ)%%2
V=(CM2+CU20 3D V1/GJ/CP T oJ)
TSTATCII=TO( L4 d)-V

#*% CALCULATE VALUES OF TERMA AND RADIAL DERIVATIVE TERM

D0 110 J=1,NLINES

TERMACJ)=GJ*(CP( 1y JI2TO(I,J)I=CPLI,IM)XTO(I,JM))=LCU2(J)-CU2L M)

IF (TO(1¢J)eLT.TOCO) CALL ERROR (15)

CONT INUE

*#% CALCULATE DERIVATIVE OF DEPV WITH RESPECT TO RADIUS,

RESULT IS IN CO

*s% CALCULATE VALUES OF TERMB
00 120 J=1,NLINES

DEPVIL JI1=CU2(JI/R{1,+J)
D0 200 J=1, NL INES
TERMB( . )=2.0%RINT{ J)

®xx COLCULATE CX/CM AND CX DISTRIBUTIONS

DUMMY=(( TENMALJ)-TERMB(J)) /CM2)+1.0
IF (DUMMY) 130,140,140
CCNTINUE

HELP=HELP*1 .25

G0 YO 70

IF (DUMMY-1.,0115€4150,4155
CXM(LoJ)=1.0

GO TO 160 -
CXM{LyJ)=SQRT(DUMMY)
CXUIod)=CXMUILyJI¥CX{ s JIM)
CONTINUE

AA= CX(IyJM)%1.6

BB= CX{I¢JM)%*0.4

DO 400 J=1,NLINES

IF (CXUI,J)eGToAA) CX(1sJ)=AA
IF (CX{T1,J)sLT.BB) CX(I,J)=BD
CONT INUE

RETURN

ENC
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INLE1425
INLE14256
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. INLE1462

INLET, -~ EFN SOURCE STATEMENT - IFN(S) -

SUBROUTINE INLET

C **xx YIELDS INITIAL ESTIMATE OF FLUID FLOW IN THE INLET

DOUBLE PRECISION TITLE

REAL MACH, MAPR, MOLEWT, JOULE

DIMENS ION ATAS(2S,11), FLOW(32)

LOGICAL IERROR, YES

COMMCN /MATRIX/ ALPHAL10,11), ATAR(29¢11), 82(291),

X BETA(10,111), BH{32), BLADE(29), 8T(32),

X CO(104111, CP(32,11), CPCO(6), CR(32,411),

X CSLOPE(10,11)y CU2(11), Cut3z, 11}, CUCO(29+5)

X CX{32.11), CXM{10+11), CXNEW(10,11), C XRATO(29)

X CxS{(10,11), DA({10), OELM(11), DEPVI1O,11),

X DF(20), DFACT(29,11), DFL( 29}, DFLOW(32),

X EMACH(29411), FOUND(20,43,10), FRDEL(10,11), GAMMA(32,11),
X HMN(29), HUB(32}, IKK(10), MACH{29,11),

X OBAR{29,11), PO(32411), R(32,411), RCURVE(10,11),
X RH(32), RHO(32,11), RINTI(11), ROSTAG(1ldy
X RS(32), RSLOPE{10,11)y RTRAIL(11), SOCO0{29+5),

X SCGLID(29+11 ), $SC0(29,5), TERM1(10,11), TERMA(LL)

X TERMB{11l), TERMC(]I1), TiP(32), TITLE(L12),

X TG(32411), TSTAT(11), U(32+11), Will)

X X(32)

COMMON /SCALER/ A, AA, Al10AOs A202A0, A303A0, A404AO,
X A505A0, B8y 88, CCy CM, CMEAN, CMEANP, COINTG,
X CPlL2,y cPi3, CPl4y CPIS, CPl16 cP02, € P0O3, cPO4,

X CPOS, DAMP, oce, DD+ DIFCM, DT, DUMMY, ERAS1,

X Gy GASK, GJdy GRy GR2,y JOULE,s MAPR, MOLEWT, -
X POCO, Qe RPM, TCP, YERMD, TESTBH, TESTOS, TESTMS,
X TOCO, 0L, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTLIP, TOLCP,

X TOLCXy TOLR, TOTINTe TOTPR:, V, VMl

COMMCN /ZINTEGR/Z I 18, 181, [OUMP, ~ICRROR, IFIRST,
X [G, IOUTTR, [IPASS, IS, T, Jy JINy JJdo
X J“Q J"l' K, Klv KK' L’ LlMlT' LSTAGE'
X MSTAGEy NLINESy NTUBESs NXo NXLy YES

EQUIVALENCE (ATAR(1,1),ATAS(1,1))y (FLOW(1)},DFLON(1))

DO 10 T1=1,5

C sx%x GET INITIAL STREAMLINE RADIUS ESTIMATE

CALL RSTART
c #&« GE1 INITIAL ESTIMATE OF FLUID FLOW

IF (1.NE.S) GO TO 5
DO 4 J=1,NLINES _
4 CU(S,J)= (CUCGIS,11/R(S5,J) +CUCO(542))/R(54J) +CUCO(5,3)
X + (CUCD(5,4) +CUCD(S,5)*R(54J) )%R(5,J)
5 CALL INEST

c ##%x SOLVE CONTINUITY EQUATION
bt 10 CALL STREMM

(S22 VAN
| END 7
R . B-85
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INPUT, - EFN SOURCE STATEMENT =~ IFN(S} -~

SupkRaUTINLG Taruld

INTEGER BLADE

LOGICAL FPATH

COMMON /VGECGM/ ALH(29), ALT(29), ALTER,

X ASPECT(29), FPATH, SAVEL{29)

CUMMON /SPECAL/ NORM(1l4), NX2, NO FAIL

DOUBLE PRECISIUN TITLE

REAL MACk, MAPR, MOLEWT, JOULE

DIMENS ION ATAS(2S,11), FLOW(32)

LOGICAL IERROR, YES

COMMCN /MATRIX/ ALPHA(10411), ATAR(29,11), B2(29),

Y BETA(10,11), BH(32), BLADE(29), B8T(32).,

X CO(10411) CP(32,11), CPCO(6), CR(32,11}), -
‘X CSLOPE(10,111), CUZ(11), CM32,11), CUCO12945),

X CX{(32,111), CXM(10,11), CXNEwW(10,11), C XRATO0O(29)

X CXSC€10e11)e OA(10), DELMI1L), DEPV(L1O0,11),
X DF(20), OFACT({29,11), DFL( 29}, DFLOW(32),

"X EMACH(29411), FOUND(20,y3,10), FRDEL(104511), GAMMA(32,11),
X HMN{29}, HUB( 32), IKK(10), MACH(29,11),
X OBAR{29,11), PA(32,11), R{32,411) RCURVE{10+11),
X RH{32), RHO(32,411), RINT(11), ROSTAG(11l},

X RS(32), RSLOPE(10y11)y RTRAILILL), SOCO0(29,45)

X SGLID(29,11), $SC0(29:5), TERM1(10,11), TERMA(LL) »

X TERMB(11), TERMCI(11), TiPr(32), . TITLE(12)»

X TO(32¢11), TSTAT(11), U{iz,1l, Will),

X X{32)

COMMON /SCALER/ A, AA, A10AC, A202A0, A303A0y A404AQ,
X A505A0, B8, 88, CCy CM, CMEANy CMEANP, COINTG,
X CcP12, cPi3, CPla, cPlS5, CPi6, CPO2, C P03, CPO4,

X CPOS, CAMP OCP, DD, DIFCM, DT, DUMMY, ERAS],
X Gy GASK GJy GR GR2, JOULEs MAPR, MOLEWT,
X POCO, Qe RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS,
X T0CO, TOL TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP,
X TOLCX, TOLR, TOTINT, TOTPR, V. Ml

COMMON 7 INTEGR/ 1 i8, 181, IDUMP, I1ERROR, [FIRST,
X [Gy IQUTTR, [IPASS, IS AT, Joe JIN, JJs
X JMy JMl, Ky Kl KKy Ly LIMIT, LSYAGE,
X MSTAGE, NLINESy NTUBESy NX, NX1, ~ YES

EQUIVALENCE (ATAR(141),ATAS(1,1))y (FLOW{L1)OFLOW(L)})

COMMON /VMIN/ VO(29)

DIMENSION TIL{6) :

DATA TIL 7/ 4H=-=-INe 4HLET 4 4H o GH==FLy 4HOW P4 4HATH /

12

**¥% READ THE JOB TVITLE, NECESSARY FOR JOb DESCRIPTION

READ (5,11) (TITLEtI)»1=1412)
READ (5+5) (CPCOlI},yI=1,6)

x4k CALCULATE THE COEFFICIENTS NEEOED IN THE VARIOUS

OPERATIONS [INVOLVING CP

WRITE (6412}
FORMAT (1H0)
CPO2=CPCO(3)/ 2.
CPO3=CPCO(4)/ 3,
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INPUT. - EFN SOURCE STATEMENT - IFN(S) -

CPO4=CPCO(5)/ 4. INPU1703
CPC52CPCO(6)/5., INPU1704
ALOAO=CPCO(2)/CPCOLL) INPULT05
A202A0=CPC2/CPCO(1) INPU1705
A303A0=CP03/CPCO(L) INPU1707
A4C4A0=CPC4 /CPCO(L) INPU1708
A505A0=CPC5/CPCO(L) : INPU1709
COINTG= THERM3(518.688) INPU1T1)
CPI2=CPCO(2)/ 2. INPULTLL
CPI3=CPCO(3)/3, INPULT12
CPI4=CPCU(4)/ 4. INPU1T13
CP15=CPCO(51/5. INPULT14
CPI6=CPCO(6)/6. INPU1T15

11 FORMAT (12A6) INPULT16
KK=1 INPULTLY
INPU1T18
c sx% [NPUT INDEX TO INDICATE WHICH LOSS DATA SETS TO USE INPULTI9
INPU1720
READ (5,910) (IKK(J)yJd=1410) _ INPULT21
Kl= IKK(1) ~ INPU1T722
INPULT23
c x#* REWIND MASTER TAPE OF LOSS DATA INPU1T24
INPU1T25
935 REWIND 4

D0 950 L=1,16 INPULT27
INPYL728
c #%& READ LOSS DATA FROM MASTER TAPE INPU1T29
INPU173D

READ (4) {(FOUND(KsJyKK)¢K=1920)yJ=1,3)
, INPU1T32
c e*x [S THIS SET DESIRED INPU1T33
INPULT34
IF (KloLVelsORKLeGToIG) CALL ERROR(1) INPUL1T35
937 IF (K1.NE.L) GO TO 950 , -~ INPULT36
i - INPU1739
N T - #x% STCRE LOSS DATA FROM MASTER TAPE INTO PROPER ALLOCATION INPU1T40

i ¢ TO BE USED IN LOSS SUBROUTINE INPULTSL

. INPU1742

e IF (KK.EQ.10) GO TO 960 - INPU1T4%

; © KK=KK+1 INPU1745

S K1=TKK (KK ) INPU1T46

S IF (K1.EQ.0) GO TG960 INPULT47

; 950 CONTINUE INPU1748

; GO TO 935 : , INPU1749

E 960 REWIND 4

i KK= KK-1 INPU1T751

- 910 FORMAT (2413) ' INPULTS2

- o INPU1753

) C #%% READ THE SCALER QUANTITIES , INPU1754

: ‘ INPU1T755

y READ (5,15) MSTAGE, NLINES, IOUTTR, FPATH, IDUMP, LIMIT, INPULT7SS

t X FLOW( 1)y MOLEWT, TOCOsPUCO, TOTPR,TOLCX ¢ TOLRy TOLCP 4RPM,DAMP INPULTST

X oTOLMINSTOLB2,TOLAT 4TOLMS,TOLTIP,ATAR(1¢1) yATAR(1+2)sATAR(L1,3)  INPULTS8

: "~ INPULT59

c #%% ERROR WILL SET THE TENPERATURE OR PRESSURE TO THE ABSOLUTE INPU1760
c _VALUE OF SAME AND WILL GO TO A NEW DATA SET IF ONE OF THE INPU1761
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IF (POCO.LE«0+0.0R.TOCULLEZ0.,0) CALL ERROR(10)

**& THE NUMBER OF STREAMLINES MUST BE 54799 OR 11, ERROR
WILL TERMINATE EXECUTION

IF (NLINES«LTo5.0ReNLINES«GTo11.0RMODINLINESy2).EQ.0O)
ERRCR (6]}

##% ERROR RESETS THE NUMBER OF STAGES TO BE CONSIDERED TO 12.
NOTE«e oNEXT DATA SET MAY NOT EXECUTE PROPERLY

IF (MSTAGE.GT.12) CALL ERRORI(T)
FORMAT (3154L5421544F10.5/7F10.5/7F10,5)
NX=2#MSTAGE + 8

INPU1763
INPULT6G
INPU1765
INPU1T66
INPU1767
INPU1T68
INPU1T69
INPULTTD
INPULTTY
INPU1TT2
INPUL1TT3
INPUL7T74
INPULTTS
INPULTT6
INPULTTY
INPULTT8

«%& READ THE INLET GECMETRY AND BOUNDARY LAYER BLOCKAGE FACTORSINPU1779

READ (5435) (X(!l)y RH(I),
IF (FPATH) GO YO 1002
DO 1001 I=64NX

HUB(I)= RH(I)

TIPCTI)= RS(T)

CONT INUE

GO TO 1004

NX= NX-3

DO 1003 I=64NX
CXRATO(I)= X( 1)

IF (ASPECT(I)<LELO.O)
SAVEA{ [)= ASPECT(I)

IF (RH(1).EQeO0«D+ANDRS(I).EQ.0.0)
ALT(I)= ~ABS(TAN(RS(I)/57.,29578))
ALH(I)= ABSITAN{RH{I)/57.29578))
Nx= NX+3

BH(I)y RS(T)y BT(I),y ASPECTLI) ¢sI=14NX)

CALL ERROR (14)

CALL ERROR (23)

*&% READ THE FRACTION MASS FLOW BETWEEN THE HUB ANC THE J-TH
STREAMLINE, THESE NUMBERS MUST INCREASE MUNOTONICALLY

READ (592C) (DELN(JIsJ=1oNLINES)
NTUBES= NLINES-1

00 3 I=1,NTUBES

IF (DELM(I).GELOELMII+1))
CONT INUE

CALL ERROR (5)

**%x READ THE '055 FACTORS ACROSS THE INLET GUIDE VANE
FOR THE J=~TH STREAMLINE

READ (5,200
READ (5435
READ (5420
READ (5422)

(WL e I=1yNLINES)

(CUCO(54d)9d=1,y5)
(ATAR(69J)yJd=1yNLINES)
CATAR( 7y J)2sJ=1,NLINES)

FORMAT (3E20.8)
FORMAT (TF10.5)
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INPUT. - EFN SOURCE STATEMENT - IFN(S) -

35 FORMAT (6F10.5) INPU18B18B
INPU18B21
CALL DATE(DA) INPU1822
WRITE (6939) (TITLE(I) 1=1412)4(DA(I)sI=1,2) INPU1823
WRITE (6440) MSTAGE,TOTPRoNLINES,POCO+FLOW(1),TOCO,MO_EWT,RPM, IN+U1824
X TOLCX, TOLB2y TOLAT, TOLR INPU1825
IF (FPATH) WRITE{6,21) TOLTIP INPU1826
INPU1827
21 FORMAT (/79X 3THTHE AXIAL VELOCITY RATIO TOLERANCE IS 7.4 /) INPU1828
INPU1823
WRITE (6438) (DELM(J)yJ=1sNLINES) INPU183D
38 FORMAT (/9X 79HTHE FRACTION OF THE TOTAL MASS FLOW BETWEEN THE HUBINPU183]
X AND THE J-TH STREAMLINE IS. // 9X 11F7.3 ) INPU1832
WRITE (6441) NLINES, (W{I)sI=LsNLINES) INPU1833
. INPY1834
*%¢ WRITE OUT INLET GECMETRY INPU1835
INPU1835
39 FORMAT (1K124X14A6) INPU1837
INPU1838

40 FORMAT(////29X€3Hetks-~—ksx ADVANCED MULTISTAGE AXIAL-FLOW COMPRES INPU1839
XSOR *¥#~——kdk® //3B8X43H*%k~~k%x ANALYSIS AT DESIGN CONDITIONS #**--%%INPU1840D
X /4741 X26H====1 NP U T O AT A==== /// 9X3SHTHE MACHINE IS TO HAINPU1841
XVE NO MORE THAN I3,7H STAGES15X25HA TOTAL PRESSURE RATIO OF F7.3, INPU1842
X11H IS DESIRED /7/9X35HCALCULATIONS ARE TO BE PERFORMED AT I3, INPU1843
X 12H STREAMLINES 10X 27HTHE INLET TOTAL PRESSURE IS F3.2, 11H LBS/INPU1B44
XSQ INe//9X 2THTHE INLET MASS FLOW RATE ISF7.2,7H LB/SEC19X30HTHE INPU1845
XINLET TOTAL TEMPERATURE IS F7.2y TH DEGe R // 9X 32HMOLECULAR WEIGINPU1846
XHT OF THE FLUID IS F7.24 21X 16HTHE TIP SPFED IS FT7.1y 9H FT./SEC.INPUL8B4T
X /7 9X 2THAXIAL VELOCITY TOLERANCE IS F7.4, 26X 30HTHE LOADING LIMINPU1B48
XIT TOLERANCE IS FTe4y // 9X 2THTHE EFFICIENCY TOLERANCE IS FT7.4, [INPU184S

X 26X 2THTHE CONTINUITY TOLERANCE [S F7.4 | INPU1850
INPU1851

41 FORMAT (//9X46HTHE INLEYT GUIDE VANE LOSS COEFFICIENTS FOR THE I3, INPU18S52
X 34H STREAMLINES ARE (FROM HUB TO TIP) // 10X 11FT7.4 7/) INPU18B53
INPU1854

42 FORMAT ( 9X BSHTHE RATIO OF THE AREAS OF THE LAST 3 STATIONS TO THINPU1855
XE AREA OF THE LAST STATOR EXIT ARE FTe4y 2(1HeFTe4)y 2H o) INPU1856
INPU18ST

45 FORMAT (1ML s///7 45X 2H--= 3A4y LSHDESCRIPTION-~--=///723XTHSTATIONSXINPU1858
XSHAX[ALLI1X3HHUBOX] 2HHUB BLOCKAGETX3HTIPTXL2HTIP BLOCKAGE / 25X INPU1859
X 3HNO<5X10HCOORD INATE 6X4HRADIUSBX6HFACTOR B8X6HRADIUS 8X6HFACTOR/ INPU1860

X 35X5H{INe) 10X SH{INe) 23XS5HUING) //7) INPU1861
INPU1862

46 FORMAT (20X1I7y E£F14.3) INPU18A3
INPU1864

: INPU1B65S

WRITE (6457) (CUCO(S54d)yJd=1y5) INPU186S

57 FORMAT ( 9X 6LHTHE INLET GUIDE VANE EXIT TANGENTIAL VELOCITY IS SPINPU186T
XECIFIED BY /7 9X 3HA = E15.693X 3HB = E1lS5.6y 3HC = E15.6, 3X 3HD = INPULBSS

X E15.6y 3X 3IHE = E1S5.6 //) INPU1869
INPU18BTO
WRITE (69581 CPCC : INPULBT]
INPU1BT2

58 FORMAT {1FO33X53HTHE SPECIFIC HEAT POLYNOMIAL IS IN THE FOLLOWING INPULBT3
B-39




36

37

XFORM // 3X 4HCP = E1245¢3H + E1245,5H*T + F12,5,8H#T#%2 + E12.5,

X 8H®T#%3 + E12,5,8H*T%%4 + E12.5,5H¢T%%5 // )

WRITE (64942)
DA(1)= TIL(1)
CA(2)= TIL(2)
0A(3)= TIL(3)
NN= 5

[F (FPATHY GO TQO 3¢

CAll)= TIL{4)

DA(Z)= TILLS)

DA(3)= TILLSG)

NN= NX

WRITE {(6445) DA(1),DAL2),DA(3)

D0 37 J=1, NN

WRITE (6+446) Jy X(J)y RHIJ), BH(JD), RS(JYy BTLY)
CONT INUE
NN= NX -3
IF (FPATH)
X )oel=6,4NN)

ATAR(191)y ATAR(1,2), ATAR(1,3)

WRITE (6422)

INPU18BTS
INPJLUTS
INPU18T6
INPJ1877
INPU1BTS
INPU1879
INPU18BT9
INPY1880
INPU188]
INPU1882
INPU1883
INPU1883
INPU1B8S
INPU1885
INPU188S
INPU18BRT7
INPJ1888
INPU18AY

(TyX{I)9ASPECT(I) yRH(I) 4BHII),RS(1),BT(IINPUL8BID

INPU1891

22 FORMAT {16 44X 30H*--% GECMETRIC PARAMETERS *~=# /// 10X 9HBLADEINPU1892
X ROW 5X10HAXIAL VEL. SX 12HASPECT RATID 6X S8HHUB RAMP 6X 12HHUB BLINPU1893
XOCKAGE 4X BHTIP RAMP €X 12HTIP BLOCKAGE / 10Y 9HEXIT STA., S5X 11HRAINPU189¢

60

25

61

70

XTI0 (0O/1) 21X LLHANGLE LIMIT 7X 6HFACTOR 6X 11HANGLE LIMIT 7X
X 6HFACTOR //7(11644F16.3,2F15.3))
N=2&«MSTAGE + 4

*kk READ THE STAGE CATA

DO 60 *=5,N,2
RLAD (5425) OFLI{T1+41l)y HMN{I41), HMN(I+2), OFL(I+2), VO(I+1),
BLADE(I+1), BLADE(I+2),DFLOW(I+1),DFLOW(]I+2),
{CUCO(T+1,J34J=1¢5)
{SSCO(1+1,4)4J=195),
(SO0CO(I+1,d)yd=1eS),
(CUCOUT+2,J)9J=195),
(SSCO(1+2,J04J=195),
(SOCO(I+2,J)yJ=145)
CONTINUE

b 2 I 4 I

FORMAT (5F10.4/21542F10.4/(5€10.4))
t*& CHECK THE BLOCKAGE FACTORS

NN=N+1
DO 61 1=1,4NN

*x% ERROR SETS THE BLOCKAGE FACTOR TO 1,0

IF (BT(I1)eGTele0eOReBT{I)WLELO45)
IF (BH{I)eGTele0eOReBHII)eLELO45)
CONTINUE

DO 70 I=5,N

B2([¢1)=CUCO{I+1,2)

CONT INUE

NX=2N+4

CALL ERROR (25)
CALL ERROR (21)

B-40

INPU1895
INPU189S
INPU189T
INPU1898
INPU1899I
INPU190D
INPU1901
INPU1902
INPUL1903
INPU1904
INPU1905
INPU1906
INPU1907
INPU1908
INPUL903
INPU191D
INPU1911
INPU1912
INPU1913
INPU1914
INPU1915
INPU1916
INPULO17
INPU1918
INPU1919
INPU1920
INPUL921
INPUL922
INPUL1923
INPU1924
INPU19725
INPU1926
INPUL927
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90 FORMAY (1Wl,//////43X 25He..e LOSS DATA SET NUMBERI3,5H ,.ee////
8HO-FACTOR 10X 13HAT 10 PERTENT 10X 13HAT 50 PERCENT 10X

99

100

1C1

105

106

PaAGE 157

INPUT, - EFN SOURCE STATEMENT -~ IFN(S) ~

X 99X

INPJ193D
INPU1931

X 13HAT 90 PERCENT 5X 21H(OF BLADE HEIGHT FROM / 91X 21HTHE GEOMETRINPU1932

XIC HUBe ) / 2C{Fl7.3,F18.4¢2F23.4/))

*%% CALCULATE THE GAS CONSYANT

GASK= G/MCLEWT
DCP= GASK / JOULE
GR= 64.348%GASK
GrR2= GR¥.5

*%% CALCULATE THE TOTAL TEMPERATURE, TOTA. PRESSURE, AND

SPECIFIC KFEAT IN THE INLET

=1

J=1

TO(1,1)= T0CO

CALL THERMP

DO 101 J=1,NLENES

DO 99 [=1,5

TO0(1,J)= T0CO

PULI,J)= POCO
CPUI,J)= CP(1y1)
GAMMA( I, J)= GAMMA(1,1)

*k« SET THE RADIAL AND WHIRL VELOCITIES VO ZERO

DO 100 I=1¢NX
Culi,Ji= 0.
CR(1.J)= C.

*%% DR/DX AND D2R/DXZ AND D(CX) /X ARE ASSUMED ZERD AT
THE INLET TO THE MACHINE '

RSLOPE(14J)= O,

RLCURVE(14J)= Q.

CSLOPE(Ll, = Q.

NX=NX=-3

D0 105 1=6yNX

IF (DFL{I)eLE+O.CeORDFL(I)GELD0.9) CALL ERRD'. .28)
IF (BLADE(I)oLT41leORBLADE(I1.GT4KK) CALL ERRORI(17)

sxx CCNVERT THE RELATIVE FLOW ANGLES 10 RADIANS

DO 106 I=74NX42
HMNUD )= HMN(L)/57.2957765

*¥¢ SET THE MASS FLOW RATE THROUGH THE INLET YO THE VALUE

AT THE FIRST STATION
FLOW(Z2)= FLOW(L)

FLOW(3 )= FLOW(L)
FLCW(4 )= FLOWL(L)

B-41

INPJ1933
INPU1934
INPU1935
INPU1936
iNP1937
INPU19138
INPU1939
INPU194D
INPU1941
INPU1942
INFU1943
INPU1944
InrU1945
INPU1945
INPU1947
INPU19483
INPU1949
INPI21950
INPU195]
INPU1952
iNPU1953
INPU19%4
INPU1955
INPU1956
INPU1957
INPU1958
INPY 1959
INPU196D
INPU1961
1:i.PU1962
INPU1963
INPU1964
INPU1965
INPU1966
INPU19&7
INPU1968
INPU1969
INPU1970
INPL1971
INPU1972
INPU19T3
INPU197¢
INPU19TS
INPUL9TS
INPU19TY
I4PUl978
INPU197I
INPU198)D
IMPU1981
INPU1982
INFU1983
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112
113

INPUT. ~ EFN SOURCE STATEMENT - [IFN(S) -

FLOW(S )=FLOW( 1)

*¢+ CALCULATE THE TOTAL FLOW RATE AT EACH STATION

DD 110 I=5,N
FLCWUI*1)= FLOW(I)+DFLOW(I¢L)

s*% SET THE FLOW RATE AT THE LAST 3 STATIONS EQUAL TO THE
FLCW RATE AT THE LAST STATOR EXIT

FLOW(N#2)= FLOW(N+1)
FLOW(N+3)= FLOW(N*L}
FLOWIN®4 )= FLOW(N+1)
¢+¢ CALCULATE THE NUMBER OF STREAMTUBES

NTUBES= NLINES-1

- JM1= NLINES/2

*%¢ CHECK AND CALCULATE THE OUTPUT TRIGGER..
- 1 = ALL STREAML INES .

2 = EVERY OTHER GNE
3 = MEAN, HUB, AND TIP
4 = HUB AND TIp

IF (IOUTTR.LT.1<ORIOUTTR.GT.4) CALL ERROR(20)
IF (IOUTTR.LT.3) GO TO 113

I¥ (I0UTTR.EQ.4) GG TO 112

JOUTTR=JN1

GO TO 113

IOUTTR=NTUBES

IFIRST=6

#&* CALCULATE THE MID-STREAMLINE INDEX
JM= JM1+]

- *#%s INITIALIZE THE lNDiCES { THE FIRST ROTOR INLET
[S AT STATION NUMBER 5)

" LSTAGE=7 .
. NX=10 , -
S L= 1 ‘

NX1=9

% CALCULATE THE STMPLE RADIAL EQUILIBRIUM SOLUTION

-18= 1

i181= 2
NX2=8 - :
: OF THE FLOW EQUATIONS IN THE INLEY

- [PASS=1

RPM= RPM/RS(5)
CALL INLET

- I= 6

RETURN

B-42

INPU1984%
INPU1985
INPU1986
INPU1987?
INPU198R
INPU1989
INPU199D
INPUL1991
INPU1992
INPU1993
INPU1994
INPU1995
INPU1996
INPJ1997
INPU1998
INPY1993

- INPU200D

INPU 2001
INPU2002
INPU2003
INF 12004
INF. 2005
INPU2006
INPU 2007
INPU2008
INPU 2009
INPU201D
INPU2011

INPU2012

INPU2013
INPU2014
INPJ 2015
INPU2016
INPU2QLT
INPU2018
INPU2013
INPU202)
INPU 2021
INPU2022
INPU2023
INPU2024
INPU2025
INPU2025
INPU2027
INPU2028
INPU2029
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11/02/67

B-43

INTEG. - FFN SOURCE STATEMENT - [IFN(S) =

SUBROUTINE INTEG (VDEP,IFCCN) INTE1585

INTE1587

(o %% PERFORMS NUMERICAL INTEGRATIONS OF THE VDEP VS. R CURVE INTE1588

C #%xx TRAPEZOIDAL RULE INTEGRATION INTF1583
INTE1590

DIMENS ION VDEP(10,11) INTE1591

INTE1592

DOUBLE PRECISION TITLE INTF1593

REAL VACH, MAPR, MOLEWT, JOULE INTE159

DIMENSION ATAS(29,110, FLUW(32) INTE1595

LOGICAL IERROR, YES : INTE1595

COMMCN /MATRIX/ ALPHA(10+11), ATAR(29,11), R2(?29), INTZ 1597

X BETA(10,11), BH(32), BLADE(29), BT(32), INTE1598

X CO(10,111, CP(32,11), CPCO(6), CR(32,11), INTE15939

X CSLOPE(10,11), CU2(11), Cul32.11), CUCOL29,45), INTEL160D

X CXx{32,11), CXM(10,11), CXNEW(10,112, C XRATO(29) INTE1601

; X CXS(10411), DA(10)Y, DELM(11), DEPV(10,11), INTE1602
;. X DF(20), DFACT(29,11), DFL(29), DFLOW(32), INTE1603
= X EMACH(29,11), FOUND{2C+3,10), FRDEL(10,11), GAMMA(32,11), INTE1606
< X HMN(29), HUB(32), IKK(10).y MACH( 29,11, INTE1605
7 X OBAR({29,11), PO(32,11), R{32,11), RCURVE1104,11), INTE1605
; X RH(32), RHO(32,11), RINT(11), ROSTAG(11), INTE1607
X RS{32), RSLOPE(10,11), RTRAIL(11), SOC0(29,45) INTF160C8

X SCGLID{(29,11), SSCO0(29+5) TERM1(10,11), TERMA(L1), INTE1603

X TERMB(11), TERMC(11), TIP(22), TITLE(12)» INTE161D

X TO(32,11), TSTAT(11), U(32,11), w(ll), INTE1611

"X X¢32) INTE1612

COMMON /SCALER/ A, AA, A10AOG, A202A0, A303AC, A4D4AD, INTE1l613

X AS05A0, B, BBy CCo CM, CMEAN, CMEANP, CODINTG, - INTE1l614

X CPI2, P13, CPl4, cPIS, CP16, cPO2, cre3, CPO4, INTEL615

X CPO5, DAMP,  DCP, 2D, DIFCM, OT, puMMy, ERAS1, INTE1615

X Go GASK, GJoe GKy GR2, JOULE, MAPR, - MOLEWT, [NTE1l617

X POCO, Cy RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS, INTElé618

X TOCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP, INTE1613

X TCLCXy TOLR, TOTINT, TCTPR, V, VMl INTE1620

COMMCN /INTEGR/ I, 18, 181, IDUMP, T[ERROR, IFIRST, [INTEl621

X 16y ICUTTR, [IPASS, 1S, IT, Jy JINy JJo INTE1622
X JM, JMly Ke Kl KKy L LIMII. LSTAGE, INTE1623 -

X MSTAGE, NLINES, NTUBES, NX, NX1ly - YES INTE1624%

EQUIVALENCE (ATAR(1,11,ATAS(1,1)), (FLOW(L),DFLOW(1)) INTE1625

INTE1625

RINT(1)=0.0 INTEL1627

GO TO (50,90), IFCON INTE1628

INTE1623

% «%% CALCULATES INTEGRAL OF VBEP * R DR INTE1630
o v INTE1631
50 DO 15 J=1,NTUBES INTE1632

- 10 DA(J)=(VDEP(L.J)*R(IyJ)+VDEP(LoJ+1D#R(I.J+1!)*(R(loJ+1)-R(I'J))*.SINTElb33
# 15 RINT(J+1)=RINT(J) +DALJ) : INTE1636
A GO 70 150 INTE1635
> INTE1635
B #sx CALCULATE NTUBES VALUES OF INCREMENTAL INTEGRALS FOR CURVE INTE1637
5y VDEP VSe R (R{J) TO R(J+1)) INTE1638
b . INTE1639
;;‘ : 90 DO 115 J=1,NTUBES INTE184)
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100
115
150

200

INTEC- -

EFN

SOURCE STATEMENT

IFN(S)

CA(JI=(VDEP (L yJV¢VIOEPILsJ41) I®(R(T4J+1)-RUT,J)I%.5

RINT(J+1)= RINT(J) +CA(J)

B= RINT(JVM)

00 200 J=

RINT({J =
RETURN
END

1o NLINES
RINT(J)-B

B-44

11702767

INTE1641
INTE1642
INTE1643
INTE1644
INTE1645
INTE1645
INTE1647
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LOSS. - EFN SOURCE STATEMENTY -~

SUBRCUTINE LOSS
£xx MATCHES LUSS WITH ACIABATIC EFFICIENCY

LOGICAL AN FAIL
COMMON /SPECAL/ NORM{14),MX2,NOFAIL

INTEGER BLADE
"REAL LOSE

OOUBLE PRECISION TITLE

DOUBLE PRECISIGN TITLE

REAL MACH, MAPR, MULEWT, JOULE
DIMENS ION ATAS(29,11)y FLOW(32)

€ 3 3 X 3K W M MK K XK XK X WK X X

IFN(SY -

820297,
BT(32),
CRrR{32,11),
CUCnN(29,45),
CXRATO(29),
DEPV(10,11),
DFLOWI(32)
GAMMA{32,11),
MACH(29,11).,

RCURVE(10,11),

PCSTAG(1L1),
SOC0(29,5),
TERMA({11l}),
TITLE(12),
willl),

A303A0,
C MEANP,
Cc P03,

DUMMY ,
MAPR,

TESTDS
TOLTIP,

CP0%,
ERASL,

TOLCP,
I FRROR,

JIN,
LIMIT,

JJs

LOGICAL IERRUR,e YES
CCMMCN /7MAIRIX/ ALPHA(10,11), ATAR (29,11},
BETA{10,111}), BH(22), BLADE(29),
CC(10,11), CP(32,11), CPCO(6),
CSLOPE{(10,11)y Cu2(1l1), Cul32,11}),
CX{(32,11), CXM{10¢11), CXNEW(1C,11),
CxS(10,11), DA(10), DELM(11),

DF( 20}, DFACT (29,11}, DFL(29),
EMACH(29,11), FOUND(2Cy 3,10) 4 FRDEL(10,11}),
HMN(29}, HUB(32), IKK{10),
OBAR(29,111%, PG(32,11), k(32,11),
RH{32}, RHO(32.11), RINT(Y1),
RS(32), RSLOPE(10,11}, RTRAIL(1L),
SOLID(29,11), $SSCO(29951), TERM1(10,11),
TERMB(11), TERMC(11), TIP(22),
T0(32,11), TSTAT(11), U(3z,1l),
X{(32)

COMMON /SCALER/ A, AA, Al1OAQ, A202A0,
X AS505A0., B, 8By CCy CM, CHEAN,
X cele, P13, CPl4, cpPls, cpPis, €202,
X CPOS, CAMP, oCP, DD, DIFCM, DT,

X Gy GASK ., GJs GR, GR2, JOULE,
X POCOC, Cy RPM, TCP, TEIMD, TESTBH,
X TGCO, TOL, TOLAT, TOLBZ2, TOLMIN, TOLMS,
X TOLCXy TULR, TOTINT, TOTPR, V, VMl

CCMMON /INTEGR/ 1, - 18, 181, IDUMP,
X 1G, I0UTTR, [PASS, 1S, IT, Jo
X JM' JMl' .’\y Klo KK' L’

X MSTAGE, NLINESy NTUBES, NX¢ NX1, YES

EQUIVALENCE (ATARCL1s1)sATAS(1le1})y (FLOW(L),DFLCW(L1))

COMMUN /ENERGY/ Hy T4 GAMMER- ’

DATA RADIAN /57.29578/

#%% OBAR CONTAINS THE LOSS FUNCTION

L=-1
DO 10 I=IFIRST,LSTAGE.2
L=L+2

00 10 J=1,NLINES

*%% CALCULATE ABSOLUTE PELATIVE VELOCITY

CXMILyJ)= CX{I=1,J )24 (CU(I=1yJ)=Ul(I=1,J) 1**24CRIT=1,J) #52

B-45

A +Q4AOQ,
COINTG,

MOLEWT,
TESTHMS,

IFIRST,

LSTAGE,

AT AT am o LTS it Ve e (e

RElPR.ODU.CIB|L|‘TY OF THE ORlGINAL PAGE IS POOR

11/07/67

LOSE2100
LOSEZ2101
LDSF2102
LOSE2103
LISE2104%
LOSF2105
LOSEZ10%
LOSE2107
LNSF2108
LtOSE2109
LOSE211D
LOSE2111
LOSE2112
LOSE2113
LOSE211%
LOSF2115
LOSE2115
LOSE2117
LOSE2118
LOSE2113
LOSE2120
LOSE2121
LOSE2122
LOSE2123
LOSE212%
LOSE2125
LOSE2125%
LOSE2127
LOSF2128
LOSE2129
LOSE2130
LOSE2131
LOSE2132
LOSE2133
LOSE2134
LOSEZ2135
LOSE2135
LOSE2137
LOSE2131
LOSE2133

" LNSE214)

LOSE 2141
LOSE 2142
LOSE2143
LOSE2144
LOSE2145
LOSE2145
LOSE2147
LOSE2148
LOSE2149
LOSE2150
LOSE2151
LOSE2152
LOSE2153
LOSE2154
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REPRODUCIBILITY OF THE OR!GINAL PAGE IS POOR
11702767
LOSS. - EFN  SOURCE STATEMENT = [EN(S) -

LOSE 2155

##% CALCULATE ABSOLUTE VELOCITY LOSE 2155
LOSE2157

CXMIL#Lyd)=CXUTod) %42 + CULL,J)%%2 + CR{L,J) %42 LOSE2158
LOSE215I

*%% CALCULATE RELATIVE FLOW ANGLE LOSE?160
LOSE2161

BETA(L,J)= ATANCIUCI=1,J)-CU(I-1,J0)/SQRTICX{I-1,J)%%2 + LOSE2162
X CROI-1,d0%%2)) LOSE?163
LOSE?166

*%% CALLCULATE RELATIVE FLOW ANGLE LOSF2165

i LOSE2165

BETA(L+1yJ) =ATANC((ULL14J)=CUL Lo J )1/ SQRTICK(T 3 J) #%24CRI L, J)%%2)) LOSE2167
LOSE2163

#¢¢ CALCULATE ABSOLUTE FLOW ANGLE LOSE2169
LOSE217)

ALPHA(L+1,J 1=ATAN(CULT,J)/SQRTICX(T,J)%%2 + CR(I,J)%%2)) LOSE2171
- LOSE2172

##%x (ALCULATE ABSOLLTE FLOW ANGLE LOSE2173
LOSE2174

ALPHA(L+2,J)=ATAN(CU(T+1+J)/SORTICX([41,J1%%2 + CR(I+1,J)%#2)) LOSE2175
CXSELy JI=CXUI=14J)%%2 +CU(I~1yJ)1%%2 +CRUI-1,J) €% LOSE2175
H= ~CXS{L,J1/GJ LOSE2177
T= TO(I-1,J) LOSE2173
CALL ENTALP LOSE21 73
CALL GAM LOSE218)
LOSE2181

%k CALCULATE RELATIVE MACH MUMBER LOSEZ2182
LOSE2183

MACH(I,J)= SQRTICXMIL  +J)/(GR2*¥GAMMER*TSTAT(J))) LOSE2184%
. LOSE2185

*%% CALCULATE ABSOLLTE MACH NUMBER LDSE2186
LOSE2187

= ~CXM(L+1,J)/6GJ LOSE21R3
T= TO(1,J) LOSE2183
CALL ENTALP LOSE?199
CALL GAM LOSE2191
MACH(I+1sJ)= SQRTUCXM(L*1,J)/( GR2*GAMMER*TSTAT (J)) ) LOSE2192
10 CONT INUE LOSE2193
L=0 LOSE2194
00 20 I=IFIRST,LSTAGE LOSE2195
L=L+l LOSE2196
D0 20 J=1,NLINES LOSF2197
L0SF2199

##4 CONSTANT TERM USED IN LOSS LOSF2199
LOSE220)

TERML{L, J1= SURT((GAMMA(I=1,4)+1,) /(GAMMA(I=1,d)=14)) LOSE2201
20 CUNT INUE ; LOSF2202
=1 LOSE2203
DO 30 I=1FIRST,LSTAGE,2 5 LOSE2204
L=L+2 LOSE2205
K= L+l LOSF2206
DO 30 J=1,NLINES LOSE2207
LOSE2203

*¥% COMPUTE SUPERSONIC TURNING ANGLE LOSE2209
LOSE221)

}
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{-0SS. -~ EFN SOURCE STATEMFENT -~ [IFNIS) -

Lo . ,
YR R !
4 M [ AEEET

A= (ROTyJ)4R(1I-1 J)-RHC(E)=RHUT=1))Z(RSCI)+RS{I--1)=RH(I)-RH(I~-1}) LOSF2211
B= (ROIyJI4R(I+1,J)=RHII)=RH(I+1))/{RSITV+RS(I+1)=RH(I)-RH(I+1)) LOSFE2212

AES P PR IAN

: : AA= (SSCCUI,1)/(SSCOUI,2) +A) +SSCO(1,3) . LOSF2213
j X +(SSCC(144) +SSCO(L,5)*A)%A) LOsE2216 =
BB= SSCO( I+1,1)/(SSCO(T1+1,2) +3) +5SCGLI+1,3) * LOSE2215 3
X +(SSCClI+1,4) +5SCO(I+1,5)*B)*8 LOSE2215
| LNSE221T 2
3 IF (AND( IDUMP,4) NE.O.C) GO fO 25 LOSE2218
LOSE2219 =
FROEL{LyJ )= AAR(BETA(L,J)} -BETA(L+1,J) ) LOSE?229 %
FRDEL(L+1,J)= BB*(ALPHA(L#1,J) -ALPHA(L}2,0)) LOSE2221 % »
GO TO 26 LOSE2222
c *x% CALCULATE THE SUPERSONIC TURNING ANGLE FROM THE SHOCK ANGLE. 2222 %
25 FRDELIL,J)= BETA(L,J) —AA/RADIAN LOSE2223 =
FROEL(L#1,J)= ALPHA(L+1,J) -BB/RADIAN LOSE222¢ %
26 CONT INUE LOSE2225
5 LOSE2226
c - *#x TEST FOR SUPERSONIC VELOCITY B LOSE2227
LNSE2228
IF(MACH(14J1.LT41.0) GC TO 28 : . LOSF2223
A= (MACH(I,4J)=1. ) %{MACHI[,J )¢ 1.0} , ) " LOSE223)
‘ ‘ LOSE2231
C . *## IF FLOW IS SUPERSONIC ADD PRANDTL=MEYER ANGLE TO LOSE2232
c , SUPERSONIC TURNING ANGLE " LOSE223%
‘ LOSE223¢4
FRDEL(LyJ)= FRDELILyJ) + TERMI(L,JI*ATANISQRT(A)/TERMLIL +J)) ~ LOSE223%
2 X ATAN{SQRT(A)) LOSE2235
} 28 IF (MACHUI+1,J)LT.1.) GO TO 30 . LOSE2237
A= (MACH{I41,J)1=1e )% (MACH( [+1,J0+1.0) LOSE2233
LOSE2233
,  C ##% 1F FLOW IS SUPERSONIC ADD PRANDTL-MEYER ANGLE TO . LOSE2240
14 C SUPERSONIC TURNING ANGLE : LOSE224T
' LOSE2242
FROEL({L+1sJ)= FRDEL(L+1,J) + VTERM1(L+1,J)*ATAN(SQRT(A) /TERML(L+1, LOSE2243
X J))= ATAN(SQRT(A)) LOSE2244
30 CUNTINUE ‘ LOSE2245
L=0 LOSE2245
DO 60 I=IFIRST,LSTAGE LOSE2247
L=L+1 LOSE?244
DO 60 J=1,NLINES LOSE2249
LOSE225)
c #%% [NITIALIZE PROFILE SHOCK AND LOSS FUNCTION ' ' LOSE2251
1 , LOSE2252
OBAR(1,4J1=0.0 LOSE2253 &
: LOSE2254 -
c *%% CALCJULATE PROFILE SHOCK LOSE2255
- "~ LOSE2255
Q=u.1 . N LOSF2257
CXSlLyJi=1, LOSE2258
IF (FROEL(L,J)oLT,0.0) GO TO 44 : LOSE2259
00 43 S=1,100 LOSF226)
: , L LOSE 2261
4 ¢ ### CALCULATES DIFFERENCE BETWEEN PRANDTL=MEYER ANGLE FOR MACH LOSE2262
c NUM3ER CXS{LsJ) AND SUPERSGNIC EXPANSION ANGLE LOSE2263
) ‘ ' g T LOSE226%
% VMI= SHOCK(CXS(L+J)eFRDELILsJD) T ' LOSE2265
5
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LeSS. ~ EFN  SUURCE STATEMENT = [FP(S) -
IF (ABS(VMI).LE.0.001) GO TO &4 LOSE2266
IF (VMI.GT.0.0) GO TO 43 LOSE?267
CXS(LyJ1=CXS(Led }-Q LOSE2268
Q= 9/3.0 LOSE 2263
43 CXS(Lyd)= CXS(LyJ) + Q - : LOSE227)
CALL ERROR(29) LOSE2271
44 IF (MACH(I,J).GE.1.0) GO TO 45 LOSE2272
LNSE2273
#%x CALCULATE SUBSUNIC SHOCK LOSE2274
, LOSE2275
EMACH{ Iy J)=MACHI 1, J) (1. 0¢CXS(Ly J) 19045 LOSE227%
IF (EMACH(1,J)-1.0) 60,60,50 LOSE2277
, LOSE2273
*#% CALCULATE SUPERSUNIC SHOCK LOSE2279
B LOSE228)
45 EMACH( I, J)=(MACH(I J) +CXS(LyJ))%0.5 : : LOSE2281
LOSE2782
##%x CCMPUTE SHOCK LOSS LOSE2283
LOSF228¢4
50 OBAR(I,J) =(1.0- (((GAMMA(I-1,J) +1.0)%0.5*EMACH(T 4J)%%2) LOSE2285
X / (1.0 +C./S*(GAMMA{I-1,4)-1.0)*EMACHIT,J)*%2)) LOSE2285
X *%(GAMMA(I=1,J)/(GAMMA(T-1,J) =1.0))%(GAMMA(I~1,J)#%2.0 " LOSE2287
X / (GAMMA{I~14J) +1.0)%EMACH(I,J)%%2 ~(GAMMA{I=1,J) -1.0) LOSF2238
X / (GAMMA(TI=14J) +1.0))¢%(1.0/( 1.0 ~GAMMALI=1,J1))) LOSE2289
X /7 (140 -1.0/(1.C +(GAMMA(I-1,J) ~1,00% MACH(I,J)%%240,5) LOSE2290
X %% (GAMMAL [=14J)/ (GAMMALTI=1,J) =1.0)1}) LOSE2291
60 CONTINUE LOSE2292
65 L=-1 : LOSE2293
DO 80 I=IFIRST,LSTAGE,2 LOSE2294
L=L+2 , LOSE2295
CO 80 J=1,NLINES LOSE2295
A= (RULyJIR(OI=1,J)=RH(T)=RHII-1)) /(RS(I)+RS(I~1)-PH(I)-RH{I-1))} LOSE2297
, LOSE2298 .
#%% CALCULATE RCTOR MEAN SOLIDITY LOSE2299
: LOSE230)
SOLID(IsJ)=  SOCC(T,1)/(SGCOCL,2)¢A) +SOCO([,3) LNSE2301
X +(SUCO(T,4) +SUCO(T,5)%A)*A ‘ LOSE2302
LOSE2303
#%x CALCULATE ROTOR D-FACTOR LOSE230%
LOSE2305
AA=SQRTU(CK(I=1, J) #%24 (UL T=1yJ)=CULL=1,J) ) #€24CR(I~1,J ) %%2)) LOSE2306 .
DFACT( 1y J)= 1.0-SQRT((CX{I JI*%24(UCT4J)-CULT,J1)**2+CR( T, J)*%2)) 1.OSE2307
CX /AR + (UCI=14J)=CUCT=14J)=U(T4J)4+CUCT4J))/2./SOLTD(T,J) ZAA LOSE2308
_._ASRS(I) = RH(I) -LOSE2309
| : LOSE231)
#¥x CCMPUTE ROTOR PROFILE LOSSES LOSE2311
#¥x LOSE READS THE PROFILE LOSS FRCM THE INPUT MAPS LOSE2312
A LOSE2313
OBAR(I+J)=0BAR( 1 sJ)+LOSE(DFACT(1sJ) o (RUIsJI=RHII}I/ZA » LOSE2314
X BLADE(1))%2,0%SOLID(T,J)/ COSCAMINL(BETA(L+19d)y142217)) LOSE2315
CA= (RUI+Lad) + RUL,d) )%, S ' LOSE2315
B= (RULyJI+RUT+1 43 )=RHCI)=RHCT# 1) IZLRS(T)+RS(I+1)=RH(I)=RH(I+1)) LOSE2317
LOSF2318
#4¢ CALCULATE STATOR MEAN SOLIDITY : LOSE2319
: LOSE232)
SOLID(I+1ed)= SCCOUI+141)/(SOCOUT41,2)4B) +SOCO(TI+1,3) LOSE2321
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LasSs. ~ EFN SOURCE STATEMENT -~ [IFN{S) -
X +(SOCO([+144) +SOCO(I+1+,51%B)*8

*%x% CCMPUTE STATOR C-FACYOR
AA=SQRT{(CX(LyJd) #524CU(L,J)%%24CR(T,J)*%2))
DFACT(I+14J0=140-SQRTU(CX(I¢1yJ)*%24CU(I+1, J)**Z+CR(I*1.J)**2)’/
X AA+(CUCT 440~ CUCT+14J))/2./7SOLIDIT+1,J)7AA

*%% (OMPUTE STATOR PRCOFILE LOSSES

. ABRS(I+1)=RH(I+1) . - . -

*%*% LOSS READS THE PRCFILE LOSS FRCM THE INPUT MAPS

OBAR(I+19J)=0BAR(I+1sJ)+LOSE(DFACT (I+19J) 9 (R(I+1oJ)=RH{I+1)) /A0
X BLADE(T+1))%2,0%S0LID(T¢1,J)/ COS(AMINI {ALPHA(L*#2 4J)41.2217))

80 CONTINUE

L==1
DO 100 I=IFIRST,LSTAGE+2
L=L+2

DO 100 J=1,NLINES

*%x CALCULATE THE STATIC ENTHALPY MINUS THE TOTAL
ENTHALPY

Hz ~(CX(T~1,J)%%2 +CR{I=-1,J)%&2 +CU(I=1,J)%%2)/GJ
= TC(I-14J)

*%¥« GET THE STATIC TEMPERATURE

CALL ENTALP
8= THERM3(T)

%k CALCULATE THE STATIC PRESSURE AT THE ROTNR INLET
PSTAT= PO{I-1,J)*EXPU{THERM3(TSTAT(J)) -B)/DCP)
Hz U(I=1yJd)*(UCI=19d) =2.0%CUH I-1,J))/GJ
CALL ENTALP
*%% CCMPUTE THE TOTAL RELATIVE PRESSURE
P REL= PO(I=1yJ)*EXPCITHERM3I(TSTAT(J)) =-B)/DCP)
H= (U(T1,J) =UlI=1eJ))*(ULT=14J) +U(I,J))/GY
T= TSTAT(J)
CALL ENTALP | ’ -
B= THERM3(T)H
*%x CCMPUTE THE TOTAL IDEAL PRESSURE
P 1UEAL= P REL *EXP({THERM3(TSTAT(J)) -B)/DCP)

#¢x CALCULATE THE FXIT RELATIVE TOTAL PRESSURE FROM THE
LOSS COEFFICIENT

P= P IDEAL -0BAR(I,J)*(P REL -P STAT)
Ha=U(l 4J)%( 2.0%CUL I,J) ~ULT,J)) /G

B-49
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LOSE2322
LOSE2323
LOSE2324
LOSE2325
LOSE23256
LOSE2327
LOSE2328
LOSF 2323
t0SFE2330
LOSE2331
LOSEZ2332
LOSE2333
LOSE2334
LOSE2335
LOSEZ336
LOSE2337
LOSE2338
LOSE2333
LOSE234D
LOSE2341
LOSE2342

LOSE2343.

LOSE2344
LOSE2345
LOSE2345
LOSE2347
LOSE2348
LOSE2343
LOSE235)
LOSE2351
LOSE2352
LOSE2353
LOSE235¢6
LOSE2355
LOSE2355
LOSE2357
LOSE2358
LOSE2359
LOSF236)
LOSE2361
LOSE2362
LOSE2363
LOSE2364%
LOSE2365
LOSE2365
LOSE2367
LOSE2358
LOSE2369
LOSE237)
LOSE2371
LOSE2372

LOSE2373 -

LOSE237¢
LOSE2375
LOSE237%
LOSE2377
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100
101

L. SSe

T= TO(1,J)
CALL ENTALP

EFN SCURCE STATEMENT - IFN(S)

k& CALCULATE THE EXIT TOTAL PRESSLRE

P= P#EXP((T1HERM3(T) —THERM3(TSTAT(J)))/DCP)

*%% GET THE ICEAL FXIT TOTAL TEMPERATURE

CALL THERM2(P/PCUI=14Jd) s ToTUUI=-1,44))

%%k COGVMPUTE THE CORRESPONDING EFFICIENCY

EFF= (THERMI(T)

~TRERML(TO(I-1s4)))

X JCTHERMLI(TOU Iy J) I-THERML(TO(I-14J)))

POLI,J)= P

&% CHECK THE CONVERGENCE

“IF (ABS{{ATAR(I,J) —EFF)/ATAR(I,J)).GT,TOLAT) IPASS=

ATAR(I,J)= EFF

Hz =(CX{ 1oJ )%%2 $CR(I,J)%%2 +CULI,J)%%2)/GJ

T= TO0(1,4)
CALL ENTALP

*¥% CALCULATE THE STATIC PRESSURE AT THE IMLET TO TYHE STATOR

P STAT= PClLLyJI*EXP({THERVM3I(TSTAT(J)) —-THERM3I(T)I)/DCP)

*¥% CALCULATE THE STATOR EXIT PRESSURE (TOTAL)Y FROM
THE LOSS COEFFICIENT

P= PCliyJ) -0BAR{I+1,J)%(PO(1,J) ~P STAT)

%% GET ThE ICEAL TOTAL TEMPERATURE

CALL THERM2(P/POUI-1¢J)yToTO(I-1,4))

#%% "CCMPYUTE THE EFFICIENCY

EFF= (THERML(T)

=THERMLITO(I-144)))

X JUTHERMLITOU 1o J) }=THERMI(TOlI=1441}))

w&k¥ CHECK FOR CCMVERGENCE

IF (ABSCUATAR{T+1sJ) “EFF)/ATAR(I*19J)).GT,TOLAT) [PASS= 3

ATAS(I+1,4)1= EFF
CONT INUE

CONT INUVE i
NO FAIL= .FALSE.
CALL DRIVE
RETURN

ENOD
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LOSF2378
LOSE2373
LOSE238)
LOSE2381
LOSE2382
LOSE?393
LOSE231%

LOSE2385

LOSE 2385
LOSE2387
LOSE?383
LOSFE 2389
LQSE239)
LOSE239]1
LOSE2392
LOSE2393
LOSE2394
LOSE?2395
LOSE2395
LOSE2397
LOSE2398
LOSE2393
LOSE240)
LOSE2401
LOSE2402
LOSE2403
LOSE240¢%
LOSE2405
LOSE2405
LOSE2407
LOSE 2408
LOSE2409
LOSE2410
LOSE2411
LOSE2412
LOSE2413
LOSE241¢
LOSE2415
LOSE2416
LOSE2417
LOSE241R
LOSE241)
LOSE242)
L0OSE2¢21
LOSE2422
L0SS2423
L0OSS242¢6
L0SS2425
L0OSS2425
L0SS§ 2427
L0SS2429
L0SS2423
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LOSE. - EFN  SOURCE STATEMENT =~ -IFN(S) -
REAL FUNCTICN LOSE(ARG,PERHT,TYPE) LOSE2041
LOSE2042
k& YIZLLCS LOSS PARAMETER FROM INPUT MAPS AS A FUNCTION OF 2043
PERCENT BLACE HEIGHT AND D-FACTOR AND CIRCULAR INTERPCLATION
ALONG THE RADIUS).
LOSF2045%
INTEGER TYPE, FIRST LOSE2047
DOUBLE PRECISION TITLE LOSE2048
REAL MACk, MAPR, MOLEWT, JOULE LOSF2049 -
DIMENS ION ATAS(2G,11), FLOW(32} LOSE205D N
LOGICAL IERRORy YES LOSF2051
CCMMCN /MATRIX/ ALPHA(10,11),  ATAR(29,11), B2129), LOSE2052 .,
X BETA(10,11), BH(32), BLADE(29), BT(32), LOSE2053 ..
X CO(10,11), CP(32,11), CPCNI6), CR(32,11), LOSE2054
X CSLOPE(10,11), CU2(11), CU(32,11), CUCO(29,45), LOSE2055
X CX(32,11), CXM{10411), CXNEW(10,11)y,  CXRATC(29), LOSE2055
X CXS(10+11), DACL10}, DELM(11), NEPV(10,11), LOSE2057 &
X DF(20), OFACT(29,11)y  DFL{29), DFLOW(32), LOSE2053
X EMACH(29,11)y  FOUND(2C,3,10), FRDEL(10,11), GAMMA(3Z,11), LOSE2059
X HMN(29), HUB(32), [KK{10), MACH{29,11), LOSE2060
X OBAR[29,11), PO(32,411), RP(32,11), KCURVE(10,11),  LOSE2061 %é
X RH(32), RHO(3Z411), RINT(11), ROSTAG(11), LOSE2062 5
X RS(32), RSLOPE(10411}, RTRAIL(11}, SOC0(29,5) LOSE2063 %
X SOLID(29,11t,  SSCO129,5), TERM1(10,11),  TERMA(11), LOSE206% %
X TERMB(L1), TERMC(11), TIP(22), TITLE(12), LOSE2065 %
X T0{32,11), TSTAT(11), U(32,113, W(ll), LOSE2066 §
X X{32) LMSE2067 35
COMMCN /SCALER/ A, AR, Al10AO, A202A0, A303A0, A4D4A0, LOSE2068 =
X A50540, B, BB, cC, CMy CMEAN, CMEA; o, COINTG, LOSE2069 3
x cpr2, CPI3, CPI4, CPIS5, CPl6, CPOD2, CPO3, CPO4, LOSE207D 5
X CPO5, CAMP,  DCP, DDy DIFCV, DT, DUMMY, ERASl, LOSE2071 ¢
X Gy GASKys  GJy GRy GR2, JOULE, MAPR,  MOLEWT, LOSE2072 %
X POCO, G RPM, TCP, TERMD, TESTBH, TESTDS, TESTMS, LOSE2073 %
X TOCO,  TOL, TOLAT, TOLB2, TGLMIN, TOLMS, TOLTIP, TOLCP, LOSE2074 35
X YOLCX, TOLR, TCTINT, TOTPR, V, VMI LOSE2075 3
COMMON /INTEGR/ I, 18, 181, IDUMP, TERROR, IFIRST, LOSE2075 i
X 1Gy ICUTTR, IPASS, IS, IT, Jy JIN,y JJy LOSE2077
X JM, JML, Ko K1, KKy Ly LIMIT, LSTAGE, LOSE2073
X MSTAGE, NLINESy NTUBES, NX, NX1, YES LOSE2073
EQUIVALENCE (ATAR(1,11,ATAS(1,1)), (FLOW(1),DFLOWIL)) LOSE208)
LOSE 2081
FIRST=1 LOSE2082
FIRST=FIRST+1 LOSE2083
[F (OF (FIRST)oLTARG.AND.FIRST.LT,20) GO TO 10 LOSE2084
Ju=1 LOSE2085
[F {PERHT.GT4045) JJ=3 LOSE208%
DEL=(ARG=DF(FIRST=1)1/(DF(FIRST)~DF(FIRST-1)) LOSF2087
FCT1={ (FOUND(FIRST 2, TYPE)=FOUND(FIRST=1,2,TYPE) ) *DEL) LOSE20838
X +FOUND(FIRST=1y2 4TYPE) ’ LOSE2089
FCT2=( (FOUND(FIRST yJJs TYPE)-FOUND(FIRST=14JJ,TYPE) ) *DEL) LOSE2090
X +FOUNDIFIRST~=1,JJsTYPE) LOSE2091
DEL= FCT2-FCT1 LOSE2092
IF (ABS(DEL).GT.Cs001) GO TO 20 LOSE2093
LOSE= FCT1 - LOSE2N94
RETURN LOSE2095
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LGSE, - EFN SOURCE STATEMENT - IFN(S) -

20 RAD= Qo5%SQRT(DEL%%2 +0.16)/SINIATAN(2.5%DEL)) LOSF2094
LOSE= FCT1 +RAD*(1.0 -COS(ATAN(ABS(PERHT -0,5) /RAD))) LOSE2097
RETURN LOSF2093
END LOSE?2092
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REPRODUGIBILITY OF THE

MIVE,

MOVE

EFN

SOURCE STATEMENT

[}

IFEN(S) -

wak CAUS™S THE RELOCATION OF THE STREAMLINFS BASED CON

B2(29),
BT(32),
CF{32,11),
CUCCI29,5),
CXRATO(29)
DEPVI10,11),
DFLOW{32),
GAMMA({32,411),
MAC1(29,11),
RCURVE(10,11),
ROSTAG(11),
SOCN(29,5),
TERMA[L11?,
YITLE(12),
w(ll),

A302A0,
(. MEANP,
C P03,

DUMMY ,
MAPR,

TESTDS,
TOLTI P,

I ERRJR
JINy
LIMIT,

(FLOW(T),DFLOWL]))

A40%A0,
COINTG,
C P04,

ERASL
MOCEWT,
TESTAMS,
ToLCP,

[FIRSTY,
JJo
LSTAGE,

FRACTIUNAYL MASS FLOW. (STREAM MUST BE CALLED FIRST)

DOUBLE PRECISIOGN TITLE

REAL MACH, MAPR, MOLFWT, JOULE

DIMENSIUON ATAS(2G,11), FLOW(32)

LUGICAL IERRODR, YES

COMMCN /MATRIX/ ALPHA(LIOs11)y ATAR(29,11),

X BETA{10.,11), BHi32) RLADE! 9),

X CUl10s11 1y LP{32+11) CPCO(E),

X CSLOPE(1O0,11)y CU2{11), cut3z,111},

X CX(32411), CxM(10411), CXNEW(10,111),
X CXS5(10,11), Dagiod, DELM{11)Y,

X DF{201), NDEACT (29,11 ), DFL(29},

X EMACH(29,411), FOUND(2043,10),y FRDEL(10411),
X HMN(29), HUB(32), IKK{10}

X OCAR({29,11), PO(32,11), Ri32,11}),

X RH(32}), RHO( 324110, RINT(111},

X RS(32), RSLUPE(10411)y RIRAIL(LIL),

X SCLIV(?29,11), SSCO(29+¢ ) TERMI{10,11),
X TERMB(11), TERMC(11}, TIP(32),

X TO(32,111), TSTAT(LL), Ui3dz,1l1).

X X{(32)

COMMCN /SCALER/ A, AA, A10AC, A202A0,
X A505A0, B, bbb, CCy CM, CMEAN,
X CP12,y P13, CPI4, CPIS, CPl6, cP02,
X CPO5, DAMP, 0OCcP, 0D, DIFCHN, nT,

X G, GASKy  Gdy - GRy GR2, JOULE
X PCCO, Gy RPM, TCP, TERMD, TESTEH,
X TCCO, TOL» TCLAY, TuLBez2, TOLMIN, TOLMS,
X TOLCX, TOLRy TCYINT, TOTPR, V, VMI

COMMON /Z/INTEGR/ T¢ I[Be IBl, 1DUMP,
X 16, ICUTTR, [IPASS, IS, I7, Je
X JVM, JMl, Ky Kl KKy Ly
A MSTAGF,y NLINES, NTUBES, NX, NX1ly YES

EQUIVALENC@ (ATAR(Ly11,ATAS(Y, 1)),

TERMCU1)=0.0
TERMCINLINES)=1,0

TERMA(1)= R(],1)
TERMAUNLINES )= KTy NLINES)
TERMBEL)=CXM(1l,41)

VERMBINL INES)=CXMI{LyNLINES)
DO 350 J=24NTUBES

TERMA(JIY= RUT4J)
TERMBU I} =CXM{LyJ)

TERMC(J)= TERMO(J-1) +CA(J-11/TOTINT

wak CHECK THE MASS FLOw BETWEEN FACH STREAMLINE
«TRUF,

IF (ABS{TERMC(J) =DCLMIJ) ) GT,
35C CONTINUF

J.U05) YES=

#%% CALCJLATE STREAMLINE RADII TN GIVE SPECIFIED MASS FLOW

FRACTIUN THROUGH EFACH STREAMTUBE

B-53
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MOVEZ4T)
MOVF 2431
“OVF 2432
MOVFE?2433
MOVE2434
MIVE 2435
MOVFE 2436
MOVE2437
MOVF2433
MOVF 2433
MOVFE2644)
MOVE2441
MOVE2442
MOVF 2443
MOVE244%
MOVE?445
MOVF 2446
MOVE2447
MOVE 2443
MOVE 2449
MOVE2452
MOVE2451
MOVFE 2452
MOVE 2453
MOVE 2454
MOVF 2455
MOVE 2455
MOVE2457
MOVE2645R8
MNVEZ24593
MOVE246)
MOVE2461
MQOVE 2462
MOVE2463
MOVE2464
MOVE2465
MOV E24 65
MOVE~ 467
MOVE?26463
MOVE2463
MOVE2470
MOVE2471
MOVE24T2
MOVE26473
MOVF2474
MOVE247S
MOVEZ2475
MOVE2477
MOVE2473
MOVE247
MOVE?248)
MOVF. 411
MOVFE2482
MOVE 2484
MOVE?484

-
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4OVE. - EFN SUURCE STATEMENT - [FN(S)

- DO 505 J=7,NTUBES

CALL SLINFUNELM(J) ,TERMC,TERMAZNLINES,RTRATL(J))
RTRAIL(J)I= R(1,J) #+{RTRAILLJ) —RUT,J))/DAMP

t#% CALCULATE VALUES OF CX AT NEW STREAMLINE RADLLI

CALL SLINE(RTRATL{J) TEK¥A,TEIMB,NLINFS,DEPV(L+J))
CONT INUF

CXUI41)=CX4{L, 1) 2CVEANP
CXUI,NLINES)=CXM (L NL INES ) *CMEANP

D0 510 J=2,NTUBES

CX(1,J)=DEPV(L,J)ICMEANP

RUT,JI=ETPAILEJ)

UCT,d)= RULLJVEFEM

RETURN :

END
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MNVZ 2495
MOVE2485
MIVE2687
MOVE 2489
MOVF 2493
MOVE2649)
MOVE 2491
MOVF 2492
MOVE2492
MIVF?249%
MOVE2495
MOVE2494
MOVE 2497
MOVE?246498
MOVE?493
MOVE260)
MOVEZ2501
WIVE260?
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11/702/47
DUTL. - EFN SGURCE STATEMENT - IFM(S) - ~
SUBRCUTINE OUTLET ouTL2503
AUTL250%
REAL VACK, MAPR, MOLEWT, JOULE nUTL 2505
DIMENS ION ATAS(29,11), FLOW(32) NUTL?2505
LOGICAL TERKOR, YES - nUTL?2507
COMMCN /MATRIX/ ALPHA(10,11), ATAR(29,11), B2(29), ITL2509
X BETA(1D,11), BH(32), ALADE(29), ET(32), NYTL?2599
X CO(10,11), CPI22,11), CPCO(E), CRI32,11), nyYTL251)
X CSLOPE(10,11), CU2(11), CUl32,11), CUCN{29,5), NUTL2511
X CX(32,11), CXM{1C,111, CXNEW{10,11)y  CXRATO(29), nuTL2512
X CXSt10,110, JA(10), NDELM(11Y, PEPVI(10,11), nutTL2%13 d
X DFL20), DFACT(29,11),  DFL(29), DFLOA(32), NUTL251% )
X EMACH(29,11), FOUND(20,3,10), FRDEL(10,11), GAMMA(32,11), ouUTL2515 )
‘X HMN{29) . HUB(32), [KK{10), MACH(29 4110, OUTL2515%
X OBAR(29,11), FO(22,11), R(32,11), PCURVE( 10,11},  OUTL2517
X RH(32), RHOI32,11), RINT(11), RCSTAG(1L), QUTL.2513
X RS(32), QSLUPE(10,11), RTRAIL(11)}, SOCO(Z9,5) aUTL 2512
X SOLID(29,11)y  SSCO(29+5), TERM1{10,11), TFERMA(Lll), oUTL 2522
X TERMR(11), TERMC(11), TIP(32), TITLE(12), oUTL2521
X TG(32,11), TSTAT(11), Ut32,11), wW(ll), ouUTL 2522
X X(32) ouUTL 2523
COMMON /SCALER/ A, AA, A10AC, A202A0, A303A0, A404A0, NUTL25276
X AS05A0, B, B3, cC, CW, CMEAN, UMEANP, COINTG, DUTL2525
x ¢cPI2, CPI3, CPl4, CPIS, CPI6, CPN2, C°03, (P04, oUTL2526
X CPOS5, CAMP,  DCP, GO,y DIFCM, DT, nUMMY, CRASL, ~ OUTL2527
X Gy GASK, GJs GRy GR2, JOULE, MAPR,  MOLEWT, . QUTL2523
X PUCO, G RPM, TCP, ~ .TERMD, TESTEH, TESTDS, TESTMS, NUTL2523
X T0CO,  TOL, TCLAT, TOLB2, TCLMIN, TOLMS, TOLTIP, TOLCP,  0OUTL253)
X TCLCX, TOLR, TOTINT, TOTPR, V, VMl ouTL 2531
COMMCN /INTEGR/ 1, 18, 181, 1DUMP, TERROR, I[FIRST, .NUTL2532
X IGy- IOUTTR, IPASS, ISy 17T, Jo JIN, JJo nuTL2533
X J¥, "IV, Ky Kly KKy Ly LIMIT, LSTAGE, NUTL2534%
X MSTAGE, ALINES, MTUBES, NX, NX1, YES 0uTL2535
EQUIVALENCE (ATAR{1,1)4ATAS(1,1))y (FLOW(L),DFLOW(L)) ouTL253%
c k%% YIFLOS INITIAL FLOW ESTIMAYE FOR THE QUTLET OUTL 2537 ;
oUTL2538 7
DGURLE PRECISTON TVITLE ouUTL2523 &
oUTL?54) %
C x¢x INITIALIZE QUTLET LCOP oUTL2541 . 5°
NUTL 2542 g
K=1+1 ” AUTL 2543 -
CALL AN EXIT QUTL2S44% 1
DO 10 [=K,NX OUTL2545 :
: ' ouTL2548 -2
C x#% GET INITIAL VALUES OF STREAMLINE RADII QUTL2547 =
i OUTL?548
CALL RSTART OUTL2549 7%
DO S J=1,NLINES QUTL255)
- QUTL 2551
c ¥%% SET FLOW PROPERTIES AS CONSTANT ALONG STREAMLINE ouTL 2552
. NUTL 2553
CP(I4J)=CFILSTAGEJ) QUTL2554
"GAMMA( 14y J)=GAMMA(LSTAGE,J) - OUYL2585 .
@ CUCIyJI1=CUILSTAGEsJI*R(LSTAGE,J)/R(T,4J) QUTL2556 &
T : TO(14J)=TC(LSTAGE,J) QUTL25657 %
:
B,
o
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GITL. - EFN SOURCE STATFMENT - IFN(S) -

S PCUI4J)=PCILSTIACE,J) nTL2553
JUTL 2553
C *&& GEY INITIAL ESTIMATLC OF AXTAL VELOCITY OUTL256D
OUTL 2561
IF (LSTAGEWNE.TY GC 10 6 oUTL2562
CALL INFST QUTL25563
GO TC 3 MNITL?256%
6 B0 7 J=1,NLINLS JUTL?565
T CXULed¥= CACTI=1,0) TL25K5
qUTL2567
C *#% CALCJLATE Si49LF RADIAL EQUILIBRIUM SCLUTION OF FLOW NUTL2563
C CONDITYIONS AUTL2563
WTILFST)
8 CALL STREAM nyTL25T1
10 CALL MOQVE ouTL27?2
RETURN DUTL>573
END NUTL 2574
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SUBROUTINE OUTPUT

DIMENSION PMA(29), PMAB(29),
OOUBLE PRECISION TITLE

REAL MACH, MAPR, MOLEWT, JOULE

DIMENS ION ATAS(29:11)s FLOW(32)

LOGICAL 1ERROR, YES

CCMMCN /MATRIX/ ALPHA(10,11), ATAR (29,11),

X BETA(10.11). BH{32), BLADE(29),
X CG(i0.11), cP(32,11), CcPCO(6),
X CSLOPE{10,11)s CUZ(11), Cut32,11),

X CX{32,11), T CXM( 10,110, CXNEW{10,11},
X CXS(10,11), DA(10}., DELM(11),

X DF(20}), DFACT(29,11), DFL(23),

X EMACH(29,11), FOUND(20C,3,10), FRDEL({1O0,11),
X HMN(29), HUB(32), IKK{10),

X OBAR(29,11}, PO(32,11), R{32,11),

X RH(32), RHO(32+11) s RINT{(11),

X RS(32), RSLOPE(10,11%, RTRAIL(11),

X SOLID(29.11), SSCO0{(29+5)y TERM1(10,11),
X TERMB(11), . TERMC(11), Tip(32),

X To(32.,11), TSTAT{11)., uz22,11),

X X{(32) ]

COMMON /SCALER/ A, AA, Al10AQ, A202AC0,
X AS05A0, B8, B8, CCy CHM, CMEAN,
X CPI12, rI3, CcPl4, CP15S, Cplbvt; CP02,
X CPO5, DAMP, DCP, oD, DIFCM, DT,

X G GASK, GJy GR,y GR2» JOULE .,
X POCO, Qo RPM, TCP, TERMD, TESTBH,
X TOCO, TOLy TGLAT, TOLB2, TOLMIN, TOLMS,
X TOLCX, TOLR, 1GTINT, TOTPR, V, VM

COMMCN / INTEGR/ I, 18, 181, IDUMP,
X 16y IOUTTR, IPASS, IS, 1T, Joe
X JM, JM] K, Kle: KKy Ly
X MSTAGE., NLINES, NTUBES, NX, NX1l, YES

EQUIVALENCE (ATAR(1,1),ATASI(1,1)),

COMMCN /VMIN/ VDI(29)
COMMGN /ENERGY/ ko T4 GAMMER
TMAEP(S)= THERM1(TCG(1.,1))
B= TMAEP(S5)

T= 70CO

I18=1

I81= 2

NX1= 5

D0610 J=1,NLINES,IOUTTR
RSLOPE(1,J)=0.
RCURVE(Ll+J)=0.

610 CALL DERIVIR,RSLOPE+RCURVEX)

201

WRITE (6.201) -
FORMAT (1K1)

N=0

DO 58 I=1,5

DO 58 J=1.NLINES,I0UTTR

B-57

82(29),
8T(32),

TMA(29), TMAB(29), TMAEP(29)

CR(32,11),
CUCO(29+5),
CXRaTQ{(29},
DEPVI1O,11),
DFLOW(32) 4
GAMMA (32,11),
MACH(29,11),
RCURVE(10,11),
ROSTAG(11),’
SOC0(29,+5),
TERMA(LL)
TITLE(12),

Will),

A303A0,
CMEANP,

. CPO3,

DUMMY,
MAPR,
TESTDS,
TOLTIP,

I ERROR,

JIN,
LIMIT,

(FLOW(1),DFLOW(1))

A4O4A0
COINTG,
CP04,
ERASY,
MOLEWT,
TESTMS,
TOLCP,

IFIRST,
JJde .
LST.GE,

ouT. 2575
NUT. 2576
IUT, 2577
0uUT. 2578
ouyt.2579
0ouT,. 258)
ouT, 2581
0uT.2582
0OuT,. 2583
ouT.25864

0uUT.2585-

0uUT. 2585
0UT.2587
OUT. 2588
0uT. 2589
our. 2599
ouT. 2591
uuT,. 2592
0UT.2593

“UT.2594

0uT. 2595
OuT. 2596
0uUT. 2597
guT. 2598
auT. 2599
0utT. 2600
OuT,. 2601
0uv,.2602
0uT. 2603
0UT, 2606
OuT. 2605
OUT. 2606
OuT. 2607
ouUYT. 2608
OUT. 2609
0uT. 2610
0uT, 2611
0uUT,. 2612
0uUT. 2613
0uT. 2614
OUT,. 2615
0UT,. 2616
0uUT. 2617
OUT,. 2618
QUT. 2619
0uUT. 2620
0uTY,. 2621
0UT,. 2622
0UT. 2623%
0uT, 2624
our, 2625
0UT. 2626
QUT. 2627

- QUT. 2628

oUT. 2679
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ouT. ~ EFN  SOURCE STATEMENT <~ IFN(S) -~ :i
s%¢ CALCULATE ABSOLUTE VELOCITY (INLET) 0UT.. 2630
0UT.2633 :
*%% CALCULATE STATIC TEMPERATURE  (INLEY) OUT. 2634 i]
NUT. 2635
= ~CXM{1,J)%%2/GJ OUT. 2636
CALL ENTALP OUT. 2637 .
CALL GAM _ OUT. 2638 ']
CXNEWL I, J)= TSTAT(J) , OUT. 2639
QUT . 2640
s*& CALCULATE ABSOLUTE MACH NUMBER (INLET) OUT. 2641 :l
) QUT . 2642 ’
CXSUIoJd= CXMUI,J)/SQRT{GR2*GAMMERSTSTAT(J)) OUT. 2643
OUT,. 2644 :
##% CALCULATE ABSOLUTE FLOW ANGLE (INLET) OUT . 2645 ]I A
OUT. 2646 o
A= SQRTICX( I,J)*%2 + CR{I,J)*%x2) - OUT. 2647 -
ALPHA{ I,J)= ATAN(CU( I, J)/A)%57, 2957795 OUT. 2648 ’
RCURVE( 14 J)=RCURVE(1,J)/(SQRT{1++RSLOPE(I,J)*%2)%%3) OUT « 2649 i-
RSLOPE(I+J)=ATAN(RSLOPE([,J) )%5T,2657795 . OUT. 2650 3
58 CONTINUE OUT, 2651 ;
DO 71 I=1,5 OUT. 2652 ;
[F (1.GE.S) GO TC 64 . 0UT,.2653 H
. OUT. 2654 N
*s¢ PRINT INLET DATA OUT. 2655 3 :
0UT,. 2656 I
WRITE (6,€1) I OUT,. 2657 i
- : 0UT. 2658 -
61 FORMAT (1HO/ 10X18H~——STATION NUMBER I3,5H ==—= //5XTOHS.Le. STREAMLOUT, 2659 g‘ :
XINE ABS. MACH ABS. VEL. AXIAL VEL. RADIAL VEL. 4X QUT,. 2660 ;-
X39HSTREAMLINE STREAMLINE FLOW ANGLE/5X2THNO. RADIUS (IN.) OUT,2661 :
X NUMBER 6X8HIFT/SEC) €XBH{FT/SEC) SXBH(FT/SEC) 5X12HSLOPE (DEGS) OUT,.2662 ‘3 T
X 4X9HCURVATURE 5X 9H(DEGREES) /7 96X SHL/IN. /) 0UT. 2663 :
OUT,. 2664 g
GO TO 265 OUT, 2665 ,
' QUT. 2666 2 3
#x% PRINT INLET GUICE VANE EXIT DATA OUT, 2667 &
OUT, 2668
64 WRITE (64,264) I oUT, 2669 §
0UT,. 2670
264 FORMAT (1H0/10X18H=-~-STATION NUMBER I3,31H =-~-  (INLET GUIDE VAOUT.2671
XNE EXIT) //SXTOHS.L. STREAML INE ABS. MACH ABS. VEL. AXIAOUT,.2672 . ~
XL VEL. RADIAL VEL« 4X38HSTREAMLINE . STREAMLINE FLOW ANGLE /OUT,2673 3 :
X SX27HNO. RADIUS (IN.) NUMBER 6XBH{FT/SEC) 6XBH (FT/SEC) S5XB8H(FTOUT,2674 3
X/SEC)5X12HSLOPE (DEG) 4X9HCURVATURE -5X9H{DEGREES) / 96X SH1/IN./) OUT.2675 3
DO 67 J=1,NLINES,ICUTTR . OUTL 2677 i
CALL . GAM OUT. 2673 §
ERAS1= GR2*GAMMER*TSTAT(J) 0UT, 2679 3
oUT. 2680 l .
*kk COMPUTE RELATIVE VELOCITY (FIRST ROTOR ENTRANCE) QUT,. 2681 a
i 0uT, 2682 o
CO(Ssd )= CXUSeJd)**2 ¢ (CUIS4J)=Ul5,J) )%%2 ¢ CR{5,J)%%2 0UT, 2683 a3l
COl5,4J15SQRTICO(5,4)) 0UT. 2686 '
0UY,. 2685 -
B-58 I :
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**% COMPUTE RELATIVE MACH NUMBER (FIRST ROTOR ENTRANCE)

LRITE (64€8) JoR(I9J)9CXSUTed) sCXMUT2J)CXIT,J),CRITLI),

X RSLOPE(I+4)+RCURVE(L,J)sALPHA(IL,J)
67 CXS(S5ysJ)= CO(5,J )/SQRT(ERAS]L)
WRITE (6,272}

272 FORMAT (1H0 4X15HS.L. STREAMLINE3X11HTOTAL PRES. 3X11HTOTAL TEMP,.

X 3X 9HREL. VEL.3X1O0HWHIRL VEL. 6XBHRELATIVE 7X 9HREL.
X 11HWHEEL SPEED / 5X29HNO. RADIUS (IN.)

FLOW 4X

X 4X BH(FT/SEC) SX8H(FT/SEC) TX SHMACH NO. T7X 9HANG.(DEG) 6X

X BHIFT/SEC) )

D0 273 J=1y NLINESy IOUTTR

*¢x CALCULATE RELATIVE FLOW ANGLE INTO YHE FIRST ROTOR

T2 BETA(24J1=ATANL(U(S4J)-CU(5,J))/SQARTICX(S,J) **24CR(5,J)%%2))

X *57.2957795
273 WRITE (69274) JoR{14J),PO(S5yJ)4TO(5,4),C0(5,4) ’
X CXS(5,J)4BETA(2+J)eU(S5,J)
274 FORMAT (17,F11e4+F14e243F13,24F15.3,2F15.3)
68 FORMAT (l?pFllchF1303.2F14.Z'F14041F14.2.Fl4.5cF15.i'

60 7o M
265 D0 69 J=14NLINES, IOUTTR

CU5,47,

69 WRITE (6468) J, R(IoJ)vCXSlI9Jl'CXN(IcJ)oCX(I'J)vCR(IoJ)o

X RSLOPE{ I+J)oRCURVELTIJ)»ALPHA(I )
WRITE (6,271)
00 269 J=1,NLINES, IOUTTR
269 WRITE (64+270) JoRUI,JI4PC(I9J),TOLI,J)

270 FORMAY (I174Fl1.4+F14.2,F13.2)

TOTAL PRES.
{DEGREES) 7/ )

271 FORMAT (1+0 4X43HS.L. STREAMLINE
X42HNO. RADIUS (IN.) (LB/SQ IN.)

71 CONVINUE
IF (LIMIT.EQ.0) WRITE (64250)

TOTAL TEMP,

250 FORMAT (I//// 41X 3THITERATION ON LOADING HAS TAKING PLACE )

&% lNlTlALIZE MASS AVERAGE ROUTINE

TMA(5)=1.0
PMA(S)=]1.0
00 100 1S=6,LSTAGE,2

#xk SET INOICES FOR DERIVATIVE ROUTINE
[B=[S~-1
IB1= IS

NX1=1S+1
N=N+1

B-59

/ 5X

QUT. 2686
OUT . 2687
quY. 2688
0uUT. 2689
0UT,. 2690
0uT. 2691
0uT . 2692
UT.2693
0UT.269%

(LB/SQ IN.) 4X9HUDEGREES'OUT, 2695

0uT,. 2695
Qul.2697
ouT,. 2698
QuT, 2699
ouUY,. 2700
ouT. 2701
0ouT,. 2702
0UY.2703
ouT. 2704
0UY, 2705
OuT.270s
ouT, 2707
ouT, 2708
ouv, 2709
OuUT. 2710
our.2711
Qut.2712
ouUT,. 2713
ouUT.2714
ouT. 2715
QUT. 2716
ouY,. 2717
0uT, 2718
quT,. 2719
0uT,. 2720
ouT,.2721
cuv.2722
QuT.2723
ouT, 2724
QuUT,. 2725
0Ul.272%
QuT.2727
ouTt,. 2728
QuT,. 2729

_QUY,273)

0UY, 2731
0uT,. 2732
0UT, 2733
oUT. 2734
0uT, 2735
0UT.2736
0UT, 2737
OUT,.2738
ouT. 2739
0UT, 2740
0UT,.2741
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ouT. - EFN SOURCE STATEMENT - [FN(S) -~
DEPV(5,10= X{IS)-X{IS5-1)

DEPVI(5,2)= X{IS+1)=-X(IS)
##%x CALCULATE ROTOR HUB AND STATOR HUB RAMP ANGLE

ALPHA(3,1)= ATAN((RH(IS)=RH(IS=1))/0EPV{5+1))%57.,2957795
ALPHA(4y 1)= ATAN{(RH{IS+1)-RH(IS))/DEPV(5,2))%57.,2957795

*%% CALCULATE ROTOR TIP AND STATOR TIP RAMP ANGLE

ATAN((RS{IS)-RSUIS-1))/DEPV(S,1))%57.2957795
ATANC((RS{IS+1)-RS(IS) ) /DEPV{5+2))%5T7.,2957795

ALPHA( 34 2)=
ALPHA(442)=
IX=1S+1
DO 35 Ji=1S,1IX
DO 10 J=1.NLINES
TERMB{JI=TO(JJ»J)

#+% CALCULATE THEORETICAL VEMPERATURE RISE

CALL THERM2(P0O(JJ,J)/POCO + TERMB(J)+518.688)

TERMBUJ)= TERMB(J)/518.688

*#% COMPUTE MASS FLOW RATE PER STREAMLINE

DEPV(94J)= RHO(JJeJI*CX{JJeJI*R(JS4J)
L=9
1=JJ

*&*x [NTEGRATE MASS FLOW RATE, RESULT IN RINT

CALL INTEbs DEPV, 2)

SUM= RINT(NLINES)-RINT(1)

DO 20 J=1,NLINES

DEPV(8yJ)= (TERMB(J)-1.)*CEPV(9,4)
L=8 '
CALL INTEG{DEPV,2)

V=k INT (NLINES)-RINT(1)

*#% CALCULATE MASS AVERAGED TEMPERATURE AND PRESSURE

TMA(JJ )= (V/SUM+]1,.)*5]18.688
PMA(JJ)=EXP ( LTHERM3({TMA(JJ)) ~COINTG) /0CP)
DO 30 J=1,NLINES -

DEPVI8, )= (TO(JJ1J)/518.688=1.)*DEPV(T,J)
CALL [NWTEG(DEPVy2:

V=RINT(NLINESI-RINT(1)

TMA{JJ)= (V/SUM+1,)%518,688/TC(1,1)

*%x% COMPUTE MASS AVERAGED EFFICIENCY

TMAEP{ JJ)= THERML(TMA(JJ)*TOCO)
CONT INUE

sk% DETERMINE MASS AVERAGE TEMPERATURES AND PRE SSURES

B-60

0UT,. 2744
0UT. 2745
OUT. 2746
0UT. 2747
0UT . 2749
0UT. 2749
QuY,.275)
ouT. 2751
ouUT.2752
ouUT,. 2753
oUT. 2754
oUT. 2755
0UT.2756
oUT.2757
ouT, 2758
0uUT,. 2759
OUT. 2760
ouUT. 2761
0UT,.2762
oUT.2763
OUT. 2764
OUT, 2765
0UT. 2766
ouT,. 2767
ouT, 2768
ouT.2769
outT.2770
our.2771
oUT.2772
ouT,. 2773
ouUT. 2774
0uUT. 2775
oUT.2776
our. 2777
ouT,. 2778
OuUT. 2779
ouT,. 2780
our, 2781
QuT,. 2782
0uT.2783
OUT.2784
OuT,. 2785
ouT,. 2786
ouT.2787
QuT.2788
0UT.2789
0UT.2790
ouT,. 2791
ouY.2792
0uUT,. 2793
OUT.279%
OUYT. 2795
ouY 2796
OUT. 2797
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TMAB(IS)I=TMA(IS!/TMALIS~1)
TMAB(IS#1)=TMA(IS+i)/TMA(IS-1)
PMAB(IS)=PMA(IS)/PMALIS-1)

AA= TNACIS)*TO(1,1)

BB= AA

CC= TMA(IS+11#T0(1,1)

no= CC

*%% YIELDS THEORETICAL TEMPERATURE RISE
CALL THERM2(PMA{IS).AA,TO(Ly 1))
CALL THERM2(PMA(IS)/PMA([S5-1)sBBy TMA( IS~112TO(1,1))
CALL THERM2(PMA(I5+1)},CC,TOLL,1))
CALL THERM2(PMA(IS+1)/PMA(IS-1),D0D,TMA(IS-1)*T0OCO)
*%% QVERALL MASS AVERAGE ROTOR EFSICILENCY

CXS(6y1)= (THERML1{AA)-TMAEP(S))/(TMAEP(IS)-1."AEP(5))
PMAB(IS+1)1=PMACIS+1)/PMA(]S-1)

*kx MASS AVERAGE ROTOR EFFICIENCY
CXSU64y2)=(THERML(BB)-TMAEP(IS-1))/(TMAEP(IS)-TMAEP(IS-1))
*#% OVERALL MASS AVERAGE STAGE EFFICIENCY
CXS(T7o1)=(THERMLICC)=TMAEP(5))/(TMAEP (ISt 1)~TMAEP(5))
*¥x MASS AVERAGE STACE EFFICIENCY

CXS{Ty2)=(THERML{DD)-TMAEP(IS-1))/(TMAFP(IS+1)-TMAEP([S-1))

DO 40 J=1,NLINES

FROEL(LlyJ )= THERNML{TO(IS-1,+J))

FRDEL( 204 )= THERNLITOUIS,J]))

FRDEL(3¢J)= THERML(TC(IS+1,J))

TERMD=TO{1S5,4J)

TERMAL{1L)=T0{1S,J)

CALL THERM2(POUISyJI/POUIS-14J)TERMD,,TO(IS~1,J))

k¢ YIELDS THEORETICAL TEMPERATURE RISE
CALL "THERM2{PO(IS+1,J)}/P0(IS~1yJ)y TERMA(L) ,,TO(IS~1,J)})
*x% DETERMINE ROTOR AND STAGE EFFICIENCY

ATAR{IS¢J)= (THERMI{TERMOD)-FRDEL(14J))/(FRDEL(2,4J)~-FRDEL(Ll,J))

0UT. 2798
0UT.2799
0uT,. 2800
QuT.2801
ouT, 2802
QuT. 2803
0uUtT.2806
ouT, 2805
ouT . 2206
nuTv, 2807
cyT, 2808
QUT, 2809
0uT. 2810
ouT.2811
ouT.2812
ouT. 2813
ouT. 2814
OUT. 2815
guT.2816
OUT.2817
ouT,. 2818
0UT. 28193
ouT.2820
0uT, 2821
ouT.2822
ouT,. 2823
ouT,. 2824
ouT. 2825
ouT, 2826
ouT,. 2827
0UT. 2828
0uUT. 2829
OuT. 2830
0uT.2831
0uT.2832
ouT.2633
ouT,.2834
0UT.2235
0uUY, 2836
0UT. 2837
ouT,. 2838
0OuUT.2833
0UT,. 2840
OUT.2841
0uUT,. 2842
0UT.2843
0UT, 2844

ATAS(ES+1¢J = (THERML(TERMA(L1))-FRDEL(1,J))/(FRDEL(3,J)~-FRDELI1,4J))OUT,2845

*%k COMPUTE ABSOLUTE VELOCITY (ROTOR EXIT)
CXMULy J)=SQRTUICX (IS J)**2+CUCISoJ I *%24CR(ISyJ)*22)
#&& CALCULATE ROVOR STATIC TEMPERATURE
H= =CXM{1,J)%%2/GJ

B-61

OUT, 2846
OUT,. 2847
ouT, 2848
0UT,. 2849

ouT, 2850

0uUT,. 2851
0UT. 2852
0uT.28%3

Plifhote, oy e, o
?M@%@‘ MO ERS AN T SR



eometesrod) Bndad woae e

e

PAGE 175
CALL ENTALP ouT,. 2855
CXNEW( 1y J)= TSTAT(J) - 0uT, 2855
CALL GAM 0uUT. 2857
ERAS1= GRZ*GAMMER*TSTAT(J) 0uT. 2858
CO(8yJ)= POCISyJ I*EXPUITHERMI(TSTAT(J))-THERM3(T)) /0CP) 0uUT. 2859
OUT. 2860
*&«* CALCULATE ROTOR RELATIVE VELOCITY 0ouT,. 2861
QuT,. 2862
CO(54d)= CXU1SyJV*%2 v (CULISyJ)=ULIS,d))%%2 + CRUIS,J)*%2 0UT,. 2863
CO{54J)=SCRT(CO{5,J}) DUT. 2864
0UT. 2865
#** CALCULATE STATOR RELATIVE VELOCITY 0uUT,. 2866
0uT. 2867
COU69J1= CXUISHLoJ )24+ (CULTIS*+1J)-UlTIS+LsJ))*%24CR{IS+]¢J)%*%2 0UT. 2868
CO(69J)=SCRTICO(64J)) 0ouUT, 2863
QuUT. 2870
*®k CALCULATE ROTOR RELATIVE MACH NUMBER ouT.2871
0uT.2872
CXS(1ledd= CO(S54J)/SQRTIERASL) ouY.2873
OUT.2874
**x% GET A*/S (ROTOR) 0uT,. 2875
' nUT. 2875
IF (EMACH{IS)J)elT 1.0} EMACH(IS,J) 1.0 e QuT. 2877

A= GAMMA(1S~-1,4)

HBETA(2,J)= BETA(20J)/57.,29578

EMACH( ISy J)= COS(BETA(24J))1/({0.5%(A+1,0))**(-0,5%(A+1.0)/(A-1.0))
X /MACHUIS+J)*%(1e0 40.5%(A-1.0)*MACH{IS,J)%%2)%x%{0, 5%(A+1.0}/(A-1.0
X)) * ((A®L OV*EMACHI ISy J)*%2/({A-1.0)*EMACH(IS,J) **2 +2,0))

. X *%(A/{A-1.0))

X ®¥{{A+1.0)/(2.0%A%EMACH( IS, J)%%2 ¢1.0 —A))%%{1,0/(A-1,0)))
BETA(2,J)= BETA(2,J1%57,29578

A=SQRTICX{ISJ)**24CR( ISy J )% #2) QuT.2882
- OuT.288%
s¥& CALCULATE ABSOLUTE FLOW ANGLE 0uT, 2884
0uT,. 2885
ALPHA(14J)= ATAN(CU(IS,J)/A)%57.29578 ‘0UT, 2886
: nuT. 2887
*%¢ CALCULATE RELATIVE FLOW ANGLE ouv, 2888
QuTt. 2883
BETA(1l,J)= ATANC(U(ISsJ) -CUCIS,J))I/A)%57,29578 0uT,. 2890
guT.2891
*%% CALCULATE TOTAL TEMPERATURE RATIO (ROTOR) 0UT,. 2892
0uT. 2893
CCGLlyJd)= TOUISyJI/TO(IS~14d) 0OUY. 2894
QuUT,. 2895
*%% CALCULATE TOTAL PRESSURE RATIOD (ROTOR) 0UT. 2896
0UT,. 2897
CO(34J)= POCISyJ)I/PO(IS~1yJ) OUT.2898
0UT,. 2899
#&x CALCULATE TOTAL TEMPERATURE RATIO (STATOR) OUT. 2900
QuT,. 2901
CC(24J)= TOLIS*14JI/TOL1S4J) 0UT.2902
0UT,. 2903
#%x CALCULATE TOTAL PRESSURE RATIOQ (STATOR) 0uT.2904
' OuT, 2905
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COt4sdi= POCIS*L,JI/PCLIS,I)
TO AXIAL LENGTH, RESULTS ARE IN RSLOPE AND RCURVE

CALL DERIV(RsRSLOPE,RCURVE, X)
*%%x CALCULATE ROTOR CURVATURE

RCURVE(29J)= RCURVE{2+J)/(SQRTU1,+RSLOPE(2,J)%%2)%%3)
*¥%% CALCULATE STATGR CURVATURE

RCURVE(3+J)= RCURVE(34J)/(SQRT(1.+RSLOPE(3,J) *%2)%%3)
*%x¢ CALCULATE ROTOR SLOPE

RSLOPE(29J)= ATAN(RSLOPE(2,J))%57.2957795
*%% CALCULATE STATOR SLOPE

RSLOPE(3,J)= ATAN(RSLOPE(3,J))%*57,2957795
*%k GEV A%/S (STATOR)

IF (EMACH{IS#14J)alTole0) EMACH{IS¢l,J) = 1,0

A= GAMMA(IS,J)
ALPHA(1,J)= ALPHA{1,J)/57.29578

0uT. 29056
0UT . 2909
0UT. 2910
ouT. 2911
OUT.2912
0UT. 2913
NuT.2914
nUT.2915
0UT.2916
OUT.2917
0UT.2918
0UT.2919
NUT. 2920
0UT.2921
OUT.2922
OUT.2923
0uT.2924
0UT.2925
0uT.2925
0UT.2927
0UT.2928
0UT.2929
0UT.293)
OUT. 2931

EMACHUIS+14J)= COS(ALPHA(L,J))/7((0.5%(A#1,0))%%(-0,5%(A+1.0)/( A~
X 160))/MACHITIS*LyJ )%(1.040.5%(A-1,0) ¢ MACH(IS+] ,J)**2)%%(0.5%(A+1.0
X 1/(A-10)1 % ((A¢ 1 0)*EMACH(TIS#1,J)%%2/({(A=1,0)*EMACH(I S+ 1, J)%*2
X ¢2.0)) ** (A/(A~1,0))
K #{(A+1.0)/(2,0%P*EMACHIIS+1¢J)%%2 +1,0 ~AN)**(1,0/(A-1.0)))
ALPHA(1,J)= ALPHA(1,J)%517.29578

OUT. 2937

*%x CALCULAVE ABSOLUTE VELOCITY (STATOR) 0UT. 2938
0UT.2939

CXMU2sJ)= SQRT(TX(IS+1¢sJ)*%24CU(IS+1,y J)*%24CRUIS+] ,J)%%2) CUT, 2940
0UT. 2941

**% CALCULATE STATIC TEMPERATURE (STATOR) QUT.2942
0UT, 2943

H= =CXM({24J )%%2/(CJ 0UT,. 2944
T= TO(IS+1l,4) 0UT. 2945
CALL ENTALP 0uUT, 2946
CALL GAM 0UY, 2947
CXNEW( 24 J)= TSTAT(J) 3 QUT, 2948
ERASL= GR2*GAMMER*TSTAT(J) 0UT,. 2949
CO{9¢J )= POUIS+LWJI*EXPUITHERMI(TSTAT(J))-THERM3(T))/DCP) QUT.2950
QUT, 2951

#%x CALCULATE ABSOLUTE MACH NUMBER (STATOR) 0UT, 2952
0QUT. 2953

CXS{24J)= CXM{2yJ}/SQRTIERAS]) QuUT, 2954
QuT, 2955

®¢%x CALCULATE STATOR RELATIVE MACH NUMBER 0UT,. 2956
QuT, 2957

COtToJd)= COU64J)/SQRTIERAS]) QuT, 2958
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0UT. 2959

#%% CALCULATE STATIC PRESSURES OUT. 2940
OUT.2961

: 0UT,. 2962

*%x CALCULATE RcLATIVE FLOW ANGLE {STATOR) OUT. 2963

. OUT. 2954
BETA(2,J1=-ATAN((CULIS*1,J)-U(IS#14J))/SQRT(CX(IS+1,J) #*2+4CR{[S+]),0UT,.2965
X J)*%2)) *57,2957795 CUT . 2365
0OuY,. 2967

#%% CALCULATE ABSOLUTE FLOW ANGLE {STATCR) 0uT. 2968
OUT. 2969

ALPHA(2yJ 0= ATAN(CULIS#1,J)/SQRTICX(IS+1,J)%*24CROIS+]L,J)%%2)} QuT . 2970
X #57.2957795 ouT.2971
40 CONTINUE 0uT.2972
0UT.2973

*%% CONVERT INPUT CATA BACK TO DEGREES nuv.2974
OUT. 2975

HMN( IS #1 ) =HMN(15+41)%57,2S57795 QUT,. 2976
: 0UT.2977

*xx WRITE STAGE PARAMETERS 0uT.2978
ouT. 2979

WRITE (6+50) Ny OFLCIS)e HMNUIS®1)e HMN(IS), DFL{IS+1l), VOULIS) ouT.2980
our,. 2981

50 FORMAT(1HL///30X4TH**%—~%%% FINAL FLOW PARAMETERS FOR STAGE NUMBEROUT.2982
X [4y 9H *%x—~—%x%% ////45X30H%*k STAGE INPUT PARAMETERS *#** /// 24X QUT.2983
X 24HROTOR TIP D-FACTOR LIMIT F33,4/ 24X484HHUB RELAYIVE FLUW ANGLE OUT,. 2984
XLIMIT AT THE ROTOR EXIT F9,1 / 24X 33HSTATOR HUB MACH NUMBER LIMITOUT.2985
X (IN) F24.4/ 24X 25HSTATOR HUB D-FACTOR LIMIT F32.4/ 24X 31HMAXIMUOUT,. 2985
XM TIP TANGENTIAL VELOCITY F26.1 ) 0uT,. 2987

IF (AND{ 1DUMP,4) .EQ.0.0) GO TO 53
WRITE (6451)
GO Y0 54

53 WRITE (6452)

54 CONTINUE

51 FORMAT (//24X 11H=-—ROTOR-== 48X 12H---STATOR~-- /7// 11X
X BHPRESSURE 3X léH FLOW ANGLE 3X BHSOLIDITY 23X SHWHIRL 5X
X 16H FLCW ANGLE 3X BHSOLIDITY / 11X THPROFILE 4X
X 16H AT THE SHOCK 33X BHVELOCITY 3X 16H AT THE SHOCK /7)

52 FORMAT (/7 /24X 11H-0UT. 2989
X=<=ROTOR==~ 48X 1leH===STATOR===///11X8HPRESSURE3X 16HRATIO SUPERSONOUT. 2990
XIC 3X 8HSOLIDITY 23X SHWHIRL 5X 16HRATIO SUPERSONIC 3X BHSOLIDITYOUT,.2991
X / 11X THPROFILE 4x 16HTO TOTAL TURNING 33X BHVELOCITY 3X 16HTO TOUT.2992

XOTAL TURNING /7)) 0UT. 2993
0UT. 2994

WRITE (6¢55) CUCC(ISyl), <SCOUISy1)e SOCO(ES41), 0UT.2995
X CUCOUES#1s1)sSSCOCIS+1410,S0COLIS+1,1), QUT. 2996
X B2( IS), SSCO(IS+2)y SOCOUIS,2), 0UT. 2997
X CUCOUIS+14+2)+SSCOUIS+192)9SO0COCISeL,2), 0UT. 2998
X {CUCCLISyJd)y SSCOUISy,J)e SOCO(ISed)y QUT. 2999
X CUCOUIS+19J)ySSCOCIS+14d)ySOCO(LIS+14J)eu=3,45) QUT. 3000
QuU¥. 3001

55 FORMAT (5X1HA3EL15.6914X1HA3ELS.6/ CUT. 3002
X SX1HB3E1S¢6414X1HB3EL15.6/ UT. 3003
X SXIHC3ELS. 69 14X1HC3ELS. 6/ 0UY. 3004
X 5XLHD3E15.,6414X1HD3EL5.6/ 0UT. 3005
X SXLHE3ELSe 69 14X1HE3E L5464/ // 0uT, 3006
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SOURCE STATEMENT -

SQCO0= CX( IS JIMI/CX(IS~1yJM)
CXCIS+1eJMI/CX(ISeUM)
{(RSIIS)

=RH(IS)VI/DEPV(5,2)

AA,

DEPV(5,11),

RS{IS+1),
CXS(742)
TMAB( IS) .
BH{IS+1),

TMA(IS+]1),

56 FORMAT (12X33HASPECT

I D 3 M XK A HK W} M X X

275 FORMAT (11X 9HLOSS DATA / 11X BHSET USED // 9H -ROTOR-- [7

61HRATIO

(RS(IS-1)-RH(IS-1))/DEPVI(S, 1)
HRITE (6,561}
ALPHAL3,2),

RH(IS),
FLOWLIS)Y,

ALPHAt4,1),

sSQCo,
PMA{IS),
BT(1IS+1),
CXS(7,1)

GECMETRIC HUB
BHTIP RAMP 4X39HAXIAL LENGTH
RADIUS (1IN,
6X SHUINS)6X26HILB/SEC)
F1l3.644F14.4¢F13u39F14e34F13.44Fl4,44F15.4 // OH -STA:OR~- FB8.3,
F13.4'F140 4'F13.31F1‘0.3'F130" Fll'o"FlSol‘ /,/

T5X 2{10HCUMULATIVE 4X}),
37HHYB BLOCKAGE

11H CUMULATIVE / 9X 10MHVEL.
TIP BLOCKAGE MASS AVE. 5X 9HMASS AVE,.

RS(IS), ALPHA(3,1),
CXS(642), Qy
ALPHAL4,2), DEPV(5,2),
BH(ISY, BY(IS),
TMA(IS), CXS{641),

PMAB(IS+1), TMAB(IS+1),

GEOMETRIC 5X 8HHUB RAAP 5X
MASS AVE, / 12X
ANGLE (DEG)
// 9H -ROTNR-- FB.3,

MASS FLOW
TIP RAD.(INJ) ANGLE (DEG)
ADIABATIC EFF,

3(9HMASS AVEe 6X}y / 9X 11HAT THE MEAN 4X

6RFACTUR BX6HFACTOR 5X 9HPR, RATIC 4X22HTEMP., RATIO PR, RATIO

S5X2THTEMP., RATIO ADIABATIC EFF.

WRITE (64275) BLADE(IS),

X 9H ~STATCR- IT7 )

5T FORMAT(1H1///41X36H**———<%% R 0 T O R
X 5TH STREAMLINE

52HABS. VEL.

X SRH RADIUS (IN.)

X S52H(FT/SEC)

X

*%% PRINT ROTCR EXIT QUANTITIES
WRITE (6457)

BLADE{( IS+1)

IFN(S) -

RATIO 2X
3X

/7

nuT. 2009
JUT. 3019
OuUT. 3011
0uUT. 3012
0uT,. 3013
OouT.3014
0uY. 3015
NUYT. 3016
OuUT. 3017
our. 30189
0uT, 3019
OUT,. 302
0uUT.3021
0ouUT.32022
OuUT. 3023
0UT,. 302«
QUT. 3025
0UT.3025%
ouUT,. 3027
0UT. 3028
OuUT.3029
OUY.303)

./ 9H -ROTOR-- FB8.34F13.4,Fl4, .,0UT.3031
FlB."FlQ.“.Fla.“'Fl‘.ﬁ'F1506 ,, 9H ‘S‘ATDR‘ F803'F13Q4'F1404'
F13449F14,4¢F13.49F14.44F15.64 //71/)

ouUT.3032
0UT,. 3033
0UT. 3034
0uUT. 3035
0OUT.3036
ouT. 3037
0OuLT.3038
OuUT.3039
OUT.304)
OUT. 3041
OUY. 3042
0UT. 3043
UT. 3044
OUT,. 3045

E X T 7V ®kouuct¥///2X4HS. Lo 0OUT L3046

AXTAL VEL. WHIRL VEL,

ABS. MACH ABS. FLOW

(FT/SEC) (FT/SEC)

NUMBER ANGLE (DEG)

DO 60 J=LyNLINESICUTTR
WRITE (6¢59) JoR(IS)J)eCXUISoJI9CUTIS oI} sCRUIS o) oCXMILy )y

X MACHUIS+1yJ)oALPHALL,J),BETA(L,J)

59 FORMAT{ISF1lle49F130392F14e29F14034F15.442F14.3 )

60 CONTINUE

65 FORMAT/1HO/ 2X4HS oL «43H TOTAL TENMP,
38HDIFFUSION

X

WRITE (6,65f

WHEEL SPEED

|
M MR SR RS

YOTAL PRES.
soLiIolTv

B-65

REL.

RADTIAL VEL.
FLOW /3X3I{MD.
{FT1/SEC)
ANGLE (DEG) /

ADIABATIC
8X 4HA®/S 6X

0UT. 3047
OUT. 3048
ouT, 3049
OuUT. 3050
OUT. 3051
OuUY.3052
OUT. 3053
OUT. 3054
0uv.30%5
QUT. 3056
OUr.3057
OuT. 3058
0uUT.30%59
OUT. 3060
OUT. 3061

0uUY.3062
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~11HLOSS CCEFF. 0UT. 3063

X /3X3HNO.4X SHRATIO 9X OUT,.3064

X SHRATIO6X1OHEFF IC IENCYSKOHFACTOR TX BHIFT/SEC) /7 ) 0uUT,. 3055

' OUT. 3066

00 70 J=1NLINES,IQUTTR QuY,. 3067
WRITE (6,66) JnCO(loJ"C0(39J’vATAR(lSvJ’yDFACT(ISvJ':U(nS 3 OuUT. 30468

X SOLIDUIS J) o EMACHUIS,J)OBAR(ISJ) 0UT. 3063
oUT. 3079

66 FORMAV (I59F11e%9F130492F14e49F13,2,F15.3,F15.4,F14.4) OoUT.30T1
) ouUT.30T72

70 CONTINUE OoUY. 3073
WRITE (6,28]) oUT.3074

: , NUT.3075

231 FORMAT (1HO//2X4FS.L.110H TOTAL TEMP, TOTAL PRES. TaritC 1EMP.OUT.3075
X STATIC PRES. SLOPE CURVATURE REL. VEL. REL. MOUT,.3077
XACH /3X3HNO.3X 9H(DEGREES)3X11H(LB/SQ IN.} 4X9H(DEGREES) 5X ouUT.3078

X 11H(LB/SC IN.) 2X9HIDEGREESIIX5H1/IN.BXBH(FT/SEC) TX6HNUMBER /) 0OUT.3073
ouUT.3C80

DO 282 J=1sNLINES, ICUTTR QuT.3081

282 WRITE (64,2830, TCUISsJ)ePO(IS,J)sCXNEWIL9J)CO(B4J)+RSLAPE(2,J)y OUT.3082
X RCURVEL2+3)+C0O(S59d)yCXS11,4) 0uT, 3083

= ’ ' oUT.3084
283 FOKMAT (15:F1102¢2F1442+F1562,F11424F15.5,F16.4¢F13.4) ouT.3085
: ) ) 0uT,. 3085

**% PRINT STATOR EXIT QUANTITIES ouUT,.3087

0uT. 3088

HR!TE {6,75) 0uT,. 3089
ouT,.309

75 FORMATY (1H1//7/7/60X38H*%k——~%« §S T A T O R € X I T #ke——wdk f// 2X 0OUT.3091
XeHS.L.5TH STREAMLINE AXIAL VEL. WHIRL VEL. RADIAL VEL. 0uT . 3092

X S2HABS. VEL. ABS. MACH ABS., FLOW REL. FLOW /3X3HNO., 0OUT.3093

X 584 RADIUS (IN.) (FT/SEC) (FT/SEC) (FT/SEC! 0UT. 3094

"X S2H{(FT/SEC) NUMBER ANGLE (DEG!? ANGLE (DEG) 7 ) 0uT.3095

) : 0UT.3095

00 B0 J=1,NLINES,IOUTTR 0UT,. 3097
WRITE (©0959) JoREIS#1,J)CX(ES#+19J),CULTIS+14J) CRUIS#1 4Dy oUT,. 3098

X CXN(ZQJ)QCXS(Z.J"ALPHA 2+J)eBETAL2,J) ouT. 3099

80 CONTINUE . ouT,.3100
WRITE (6,465) ouT,. 3101

DO 35 J=1NLINES,10UTTR ‘0T . 3102
WRITE (64¢€6) J'CG(Z’J)QCO(4.J'0ATAS(IS*1aJ'vDFAC7{lS419J" qUT.3103

X ULIS*10Jd),SOLID(AS+LoJd)oEMACH(IS+1,J)+0BAR(IS*]L,4d) OUT,. 3104

85 CONTINUE - 0OUT.3105
WRITE (6,281) 0UT. 3106

D0 284 J=1,NLINES, IOUTTR . 0uT. 3107
284 WRITE (6,283) JoTﬁilS*IQJ)'PO(ISOIle'CXNEH|AvJ)'CU(9'J)oRSLGPE(3.0UT 3108
XJVsRCURVE(34J),C0(6+J),COLT,J) OoUT. 3109
100 CONT INUE ouT.3110
) OUT.3111

*%% PRINT OUTLET QUANT[T!ES auT.3112

" 0UT.3113

WRITE (60110) 0uT,. 3114

110 FORMAT (1F140X4QH**%-—%%*x QUTLET FLOW PARAMETERS #*¥--%%x% /// OUT.3116
X 13X3HSTATXSHAY TAL TX9HGEGMETRICSXIHGECMETRIC4X12HHUB BLOCKAGE 3X O0OUT.3L1T

X 12HTIP BLOCKAG.. / 13X3HND.5X10HCOORD INATE4X10HHUB RADIUS 4X QuT.3118
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pro———

120
115

PAGE 180
X 7/)

JJI=LSTAGE + 1 .

DD 120 J=JJ 4 NX

WRITE (551150 JoX(JD2RHIJ) JRS(IN,BHIIT4BT(I)
FORMAT (10XI159F15.39F14.3,F13.3,F15.3,F14.3)

WRITE {6,130) J4J

ouT.312)
nuT, 3121
0uUT, 3122
0uT,.3123
ouT, 3124
0uT,. 3125
0UT. 3126
ouT. 3127
nuT. 3128
ouT.3123

130 FORMAT (1+0//50X14HSTATION NUMBER 14 // 5H S.L.3X10HSTREAMLINE 4X OUT.3130

140

150

160
165

18

X 10HAXIAL VEL. 3X10HWHIRL VEL. 4X11HRADIAL VEL. 4X 9HABS. VEL.
X 9HABS. MACH 4X11HTOTAL TEMP, 3X11HTOTAL PRES.
X INe 3X BHIFT/SECY) 6XBHI{FT/SEC) 6XBH(FT/SEC) 6XBH(FT/SEC) 77X
X O6HNUMBER TX 9H(DEG.S R) 4X11H(LB/SQ IN.) /)

KJ=0

DO 1401iJ=JJyNX
KJ=KJ¢l

DO 140 J=1,NLINES

*¥* CALCULATE ABSOLUTE VELOCITY (QUTLET)

CXVM(KIyJ)= SQRT(CX&IJ,J)**Z + CULLIWJDI%%2 ¢ CRIT1JyJ)*%2)

*%% CALCULATE STATIC TEMPERATURE (OUTLET)
H= —~CXM(KJy J)*%2/GJ

T= T0(iJ+ )

CALL ENTALP

CXNEW(KJ 9 J)= TSTAT(J)

CALL GAM

ERAS1= GR2*GAMMER*TSTAT(J)

**% CALCULATE ABSOLUTE MACH NUMBER {OQUTLET)

CXSiKJyJd)= CKH(KJ'Jl/SQRT(ERASIl
CONT INUE
KJ=0
DO 150 1J=JJ,NX ]
IFL1J.GTJJ) WRITE (6,160) 14
KJ=KJ¢ 1
DO 150 J=1,NLINES, ICUTTIR
WRITE (6,4165) JoR(IJ'J"CX(IJoJ’vCU(IJOJ"CR‘IJ J) +CXMEKJIg )y
XK CXS{KJed )y TOUTSsd)yPQL1J,4J)

FORMAT (1HOS0X14FSTATION NUMBER 14//)

FORMAT (15.F12.59F13.3.2F14.20Fl3.ZpF14.4'F14.2.F14.13
IF (AND( IDUMP¢2) NEe0,+0)
X BT(I),I=1yNX)

FORMAT (5F10.5%5)
RETURN

WRITE (74180 (XCU)4RHII) BH{L) 4RS(I),

*%2 FINISHED AT LAST,......

5X 0UT.3131
/ &H NO.4X11HRADIUSOUT, 3132

0uUT. 3133
0UT. 3134
ouT,. 32135
0UT. 3136
0UT.3137
oUT. 3138
OuT. 3139
OuUT. 3140
0UT. 3141
0UT,. 3142
0UT,. 3143
OUT. 3144
0UT. 3145
NUT.3145
0UT. 3147
0UT,. 3148
0UT. 3149
0uUT.3150
0Uv. 3151
0UT. 3152
0UT.35153
olr,. 3154
OuUT,. 3155

- OUT. 3156

0uT. 3157
0UT,. 3158
0UY,. 3159
0UT.3160
0uT,.3161
ouT.3162
OUT.3163
0UT,. 3164
0UT. 3165
OUT.3166
QUT 3167
OUT,. 3168
0UT,.3169
0uT. 3170
our,.3171
outr.3172
QuT.3173
ouT.3174
QUT. 3175

-
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SUBRCUTIME RADILS RADI3178
DOURLE PRECISION TITLE QANIR173
REAL MACF, MAPK, MCLEWT, JOULE PADI318)
DIMENS IUN ATAS(2S,11), HLOWL3Z) RADE31A1
LOGICAL TERRCR, YES ’ RADI31R?
COMMCN /MATRIX/ ALPHA(10,11), ATAR (29,11, B2(29), RAD13183
X BETA(I0,111), 3H{32), RLADEL(29) BT1{32), RADI313%
X COU1O,11), CPE22,11), CPCOLED, CrR{32,11), A1 3185
X CSLOPC(10+411)y CL2CI1LYD, cu(3z.1ly, CUCN(29,5), RANI318%
X CX{32.:,11), CxM(10,11), CXNEW(10,11), CXRATG(29), RADI3187
X CxSf{10,11), DA(10}, neELM1l, DEPV{iO,1 1. CAr 131183
X DF(20), DFALT(29,11), DFL{ 29}, CFLOW(32), RADI 3183
X EMACH(29,11), FOUND(204+3,10) s FRUEL(10,11), GAMMA {(32,11), RADI 319D
X HMN(29), HUB(32), IKK(10), MACH(29,11), RADT 3191
X ObAR(Z29,11), PO(32411) R(32411), RCURVE(10,11), PANT2192
X RH{32), RHCGTU32,11 ) RINT(11), ROSTAG(11) RADI 3193
X RS(32), RSLUPE{10,11}, RTRAIL(11), SOC0(29,+5) RADI 3194
X SCLID(29,111), SSCCL26,5) TERM1{10.,11), TERMA(11), RADTI 3195
X TERMB(11l), STERMC (L), TIP(32), TITLE(12), RADI3195
X-TC(32511) TSTAT(11), 1J(32,11), Ww(llj, RADI 2197
X X{32) ; RADI 3198
CCMMON /SCALFRR/ A, AA, A10AD, A202A0, A303A0, A404A0, RADI3Z193
X AS505A43, R, BB CCy CM, C4EAN, CMEANP, COINTG, RADIZ20)
X CP12, CPIs, CPla, CPIS, cPie, cP0O2, cPn3, C204, RADT 3201
X CPOS, TA4P, oeP, DD, NIFCM, DT, DUMMY, ERAS], RADN( 3292
X Gy CASK GJy GR,y GR2, JOULE, PMAPR, MOLEWT, RADI3203
X POCO, Qy RPM, TCP, TERMD, TESTRK, TESTDS, TESTUS, RADI3I204
X T0CO, TOUL, JOLAT, TOLB2, TOLMIN, TOLYS, TYCLYIP, TOLCP, RADI 320%
X TOLCX, TOLR, TOTINT, TOTPR, V, Vvl RAD[3205%
CCMMCN / INTEGR/ l, 18, 181, 1DUMP, IFRROR, [#IRST, RANI3207
X 1G, ICUTYR, [IPASS, IS, IT, Jey - JIN, Jdy RAD[32G3
X JM, JMl, Ky Kl KKy Le LIMIT, LSTAGE, RADI 3203
X MSTAGS, NLINESy MTUBES, NX, NXD oy YES RADI 3219
EQUIVALENCE (AT2R(1,1)4ATAS(1,1)), (FLOW(1),DFLOW(L)) RANTI 3211
A= (RSOI) =RH{TPI=(RS(T) +RH(T) RANDIZ212
CC= RH(I1)%*%2 +A%BT (1) RANI3213
AA= RS(T)#%2 —AXPH(I) RADI3214
BB= R{ 1,1 }x%x2 RADI[3215
DL= (CC=AA) /(eI NLINES)*%2-0R) RADI 3216
AX= RPM RADT3217
U0 100 J=1yNLINFS RADT321R
R(Iyd)= SCRT(AA +00*(K(1,J1%%2 =-BR}) RANT3213
UCI,J)= ROL,J)%AX RADL 3229
RETURN RADI3221
END RADI 3222
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OTOR, EFN SOURCE STATEMENT - IFN(S) -~

SJYBRCYTINE R0VTOUT

REAL W3RNV
COMMCN /SPECAL/ NORM(14)4NX2,NOFAIL

COMMON /VGEOM/ ALKH(29), ALT(29), ALTER,

X ASPECI(2S), FPATH, SAVEA(29)

LUOGICAL FPATH

LOGICAL KO FAIL -

*%x CCMPUTES RUTOR EXIT GEOMETRY

DOUBLE PRECISIUN. TITLE

REAL MACH, MAPR, MOLEWT, JOULF

DIMENS ION ATAS(2S,11), FLOW(32)

LOGICAL IERROK, YES -

COMMCN /MATRIX/ ALPHA(1CQ,11), ATAR(29,11), B2129),
BETA(1N,11), RH{32), BLANE( 29}, B8T(32),
CO(10.11), CP(32.11), CPCO(6), cr{32,11),
CSLOPE(10,11), Cu2(ll), Cut3z,111, CUC0(29,+5)
Cx{32,11}%, CXM(10,11), CXNEW{10,11), C XRATO(29),
CXxS{10,11), DA(10), DELM(11), CEPVI1O,11y,
DF(201), DFACT{(2G,11), DFL( 231}, DFLOW(32),
EMACH(29,11), FOUND(20,3410),y FROEL(10,11), GAMMA(32,11),
HMN(29) HUB(32), IXKK(10), MACH{29,11),
OBAR(29,11), POC22,11), R(22,11), RCURVF(10,11),
RH(32), RHO{324110, RINT(11), ROSTAG(11),
RS(32), RSLGPE(10411)y RTRATIL(11), SNC0(29,5),
SOLID(29,11), SSCO(2945) TERM1(10,11), TFRMA({1),
TERMI(11), TERMC(11), TIP(32}, TITLE(12),
TC(32,11), TSTAT{11), Ui{32,11), Wiy,

X€(32) _

CCMMCN /SCALER/ A, KA, A10AQ, A20280, A303A0, A404A0,
X A505A0, &, BB, CCy CM,y CMEAN, CMEANP, COINTG,
X CP{2, cri3, CPla, cPls, LPle, cPO2, cPO3, CPO&,

X CPUS, DAMP, oce, DN,y DIFCMH, DT, DUMMY, ERAS1,
X Gy CASK, GJdy GR, GR2, JUULE, MAPR, MOLFWT
X PUCO, Co RPM, TCP, TERMN, TESTBH, YFSTDS, TESTMS,
X -TGCO, 0L, TCLAT, TOULB2, TCLMINs TOLMS, TOLYIP, TGLCP,
X TCLCXy _TNOLR, TOTINT, TOTPR, V, VM1 ,

COMMCN ZINTEGR/ 1 Ity 181, 1DUMP, TERRDOR, IFIRST,
X 1Gy [CUTTRy _TPASS,y Sy T, J JIN, JJds
X JM, JMY, Ky K1y KKy Le LIMIT, LSTAGE,.
X MSTAGE, NLINESe NTURESs NXy NX1 YCS ;

EQUIVALENCE (ATAR(L1,1)sATAS(L,1)), (FLOW(1),CFLOW(1))

L= 1

CAMP= 100.,0
IF (LSTAGE.NELT) GU TO 45
IF ( JNUTLFPATH) GO TO 20
®k& PICK UP ROTOR GLLMFTRY

RS(6)= RS(5)

DT= (RS{S) -RH{S))/ASPECT 6]

x(&)= X(8) +DI
‘RH{E)= RHIS) +DT*AMINI(Coby Qe B*ALH(6))

GO TO 25

RHUL)> HUBLI)

- 1
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RNTI3223
ROTI3274
ROTN3225
ROTI3224
ROT03227
ROT03228%
ROTN322)
Q0T1223)
ROTN3231
ROTI3232
ROT03233
ROTN3234
ROTN3235
ROYN3235
R0T03237
ROTN3238
ROTN3233
ROTD324)
ROTN3241
ROT03242
ROT0D3243
ROT03244
ROTN3245
’OT03245
ROTI3247
ROTN3248
ROTN3243
ROTN325)
ROTD3251
ROTD3252
ROTN2253
ROT3254
ROTN3255
ROT0325%
ROTO3257
ROTN3258
POTI32%53
ROTN324)
ROT03261
ROTN3262
ROTN3263
ROTN3244
ROTN3265
ROTDI3266
ROT03267
ROTN3268
ROTN3269
ROT0327)
ROTN3271
ROTN3272
ROTN3273
ROTN3274
ROTJ3275
ROTN3276
RNTN2277
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ROTOK, - EFN  SOURCE STATFMENT - [FN(S) =~
RS(I)= TIP(I) ROTN3273
CALL RSTART ROTN3273
¢+ INITIALIZE THE FIRST RUTOR CALCULATION BY CCMPUTING THE ROTN328)
LOADING FROM THE TIP D-FACTOR AND AN AYIAL VELOCITY RATIN ROTN3281
OF 0.9, USE FREE VORTEX AND AN EFFICIENCY OF 90 PERCENT ROTN3282
T START ROTN3283
V= 0.9%CX(5,NLINES) RNT2234
S= SOCO(6,1)/(S0CO(642) ¢1.0) +SOCO(643) +SOCO(6,4) +SOCO(645) ROTD3285
VMI= SIRT(CX(5,NLINES)#%2 +(CU(S5,NLINES) =U(5,NLINES)) %%2) ROTN3285%
Q= 0.5/5 ROTN32A7
A= VMI#*(1.0 -DFL(5)) +(U(S5yNLINES)~CU(%4,NLINES) -U(4,NLINES))*Q ROTI328%
Br  2.0%(Ul56,NLINES) 4A%()/(C%2-1,0) RNTN3289
C= (V% +U(6,NLINES)I**2 ~A%A) /(1,0 -Q%*Q) ROT0329)
ERAS1= B%*E ~4,.0%C ROTN3291
IF (ERAS1.GE.U.D) GU TU 30 ROTN3292
CU(64NLINES )= 300.0 ROTN3293
GO TG 35 RNOTD3294
ERAS1= SQRT{ERAS1) £OTN3295
CUl5,NLINES)= -8 =-ERAS1 ROTV3295
IF (CU(6,NLINES).LE.0.0) CU(6,NLINES)= ERAS] -8B ROTN2297
CUL6 NLINES )= CU{6,NLINES)*0.5 ROTD3298
DT= ((U(6,NLINESI®CUC6,NLINES)I=U(S ,NLINES)*CU(S,NLINES))/5J/CP(1,1ROTD3299
X 11%#2,0 20712300
- J= NLINES ROTH3301
TO(6,J)= TOCO +DT - ROTN3302
CALL THERMP ROTN3303
DT= C.9%07¥ ROTNI306
CU(ByJ)= CULOyJYSR 16y 4) ROTN2305
DO 40 L=1,NLINES ROTI3305
TO(6,L)= TO(6,d) ROT03307
CPU6,L)= CP6yJ) ROTI3308°
GAMMA( 5,L )= GAMMA(6,J) ROTD3309
POL6,L)= FOCI*(DT/TOCO +1.0)%5(GAMMA( 6,1)/(GAMMALG 41)=1,0)) ROTO331)
CUlbsL)= CULBI)/RIG,L) ROTO3311
L= 1 - ROTN 2312
caLL INEST ROTN3313
CALL STREAM ROTN3314
CALL MOVE ROTD3315
GU TO 50 , ROTO3315
*%% [NITIALIZE SUCCEEDING ROTUR AS A COPY OF THF LAST ROTD3317
CALL COPY’ ROTI3318
= (ROT,NLINESY=RHOT) ) Z{RS(TI=RH( 1)) ROTN331)
K= 1/2 ROTN332)
#%%« COMPUTE THE TOTAL PRESSURE PROFILE NORMALIZING FACTOR ROTD3321
NOTE. THt EQUATION MUST HAVE THE VALUE OF 1.0 AT THE ROTD3322
TI1P STREAML INE ROTD3323
NORM(K 1= 1407(CUCO(I,1)1/7(CUCOLT,2)4A) +CUCOL(T,3) ROTD3524
X +(CUCO(L,4) +CUCOLL,5)%A)#A) ROT123325
RETURN ROTN3325
END ROTD3327
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«%¢ CALCULATES EQUAL AREA ESTIMATE CF STREAMLINE PUSITION
ANC WHEEL SPELED

DOUBLF PRECISIUN TITLE

REAL MACH, MAPR, MGLEWT, JOULE

DIMENS [UN ATAS(2G,11), FLOW(3?2)

LOCGICAL TERROR, YES

CCGMMCN /MATRIX/ ALPHA{10,11), ATAR(23,111}, f2(27),

X BETA(10,11), BH(32), BLADE(29), B6T(32),
X CCLl0411 0y CPi22,11), CPCO(bI, CR732,110,
X CSLCPE(1O,11), CU2(111), Cult32,11). CUCO(29,5)

X Cx(32,11}), cCxmiio,11), CXNEW(1G,11), C XRATD({( 29},

X CXS(10,11}, DA(CLlO)Y, . DELM(11}, DEPV(10,11),
X DF(2G)., DFACT(29,11), DFL(29), DFLOW(32),

X EMACH{(29,11)~ FOUND(20,3,10), FROEL(10,11), GAMMA (32,11),
X HMN(23), HUB(32) IKK{10), MACH({29,11).
X UBAR(29,111}, PO(32,11), R{32,11), RCURVE(104+11),
X RH(32}), RHC(32411), RINT(LL), POSTAG(11),

X RS(32), RSLOPE(10,11), RTRAIL(11), SCCN{(29,5),

X SCLID{29+11), SSCU(29+¢5) TERM1(10,11), TERMA(LL) ¢

X TERMa3(11l}, TERMC(11), TiPL32), TITLF(12),

X TG(32.11) -TSTAT(11) . U(3z,11), Kill),

X X(32)

COVMMON /SCALER/ A, AA, A10A0, A202A0, A303A0, A4D4AQ0,
X AS505A0, 8, B8, CCo CM, CMEAN, CMEANP, COINTG,
X CPI2, P13, CPl4, CPIS, CPl6, cP02, -C P03, CPQO4,

X CPQOS, DAMP, oCP,y DD, DIFC™M, DT, DUMMY, ERASL,
X G GASKe - GJy GRy GR2Z, JOULEs MAPR, MOLEWT
X PCCO, (o RPM, TCP, TERMD, TFSTBHy TESTDS, TESTMS,
X TOCU, TOL . TOLAT, TOLBZ, TOLMIN, TOLMS, TOLTIP, TOLCP,
Y. TCLCX,y TOLR, TOTINYy TOTPR, V, VMI

COMMCN /INTEGR/ 1, id, T8l IDUMP, IFRROR, TFIRST,
X 1Gy IOUTTR, [PASS, 1Sy IT, Jo JIN, JJo
X JMy JMl, Ke Kly KKy Loy LIMIT, LSTAGE,
X MSTAGE, NLINES, NTUBES, NX, N¥1, YES

EQUIVALENCE (ATAR(1411+ATAS(1,1)), (FLOWLL) oDFLOW(L))

A= (RSOI) =RHIT))*{RSCI) +RALL))
Abd= RS(T)*%2 =A*BH(I)

B8= RH{1)#%2 +A%BT([)

CC=86-AA

DD= RPM

DO 10 J=14NLINES

ERASLI= AA +DELM(J)I*CC

*%k ERRNIR TRANSFER 10 A NEW DATA SET

1F (FRAS1eLEe0+0) CALL FRROR{13)
R(Isd)= SCRT(EKASL)

10 UlTeJd)=R{14J1%0D

RETUPN

END

B-T1
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RSTA328
RSTA3323
RSTA33R)
RSTA2331
RSTA3332
RSTA3333
RSTA3234
RST812335
RST.,3335%
RSTA337
RSTA3333
RSTA3339
RSTA334)
RST 43341
RSTA3342
RSTA3343
RSTA3I344
RSTA?345
RSTA1345
RSTA3347
RSTA3348
RSTA3349
RSTA3350
RSTA335]
RSTA2352
RSTA3353
RSTA335%
RSTA3355
RSTA3355
RSTA2357
RSTA3353
RSTA3359
RSTA336)
RSTA2361
RSTA3362
RSTA3363
RSTA3364
RSTA3365
RSTA3365
RSTA3367
RSTA3368
RSTA363
RSTA33T)
RSTA33T]
RSTA3AT?
RSTA3373
RSTA3374
RSTA3375
RSTA3376
RSTA3377
RSTA3373
RSTA33TY

R§TA33]).

RSTA333]1
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#%% CALCULATES SUPERSONIC EXPANSION ANGLE MINUS PRANDTL=MEYER

ANCLE

DOUBLE PRECISIODN
REAL MACH, MAP
DIMENSION ATAS(2
LOGICAL [ERROR,
COMMCN /MATRIX/
BETA(10.,11),
CO(10,11),
CSLOPE(10.11),
CxX(32,11),

Cx5 {10,110,
(2010,
EMACH(29,11)y
HMN (291},
QBAR(29,11),
RH{32),

RS(32),
SOLID(29,11),
TERMB{1l1l),
TO(32:11),
X(32)

COMMCN /SCALER/
AS0)5A0, B8,
crPl2, P13,
CPOS, - DAMP,
Gy CASK,
POCO, Cr -
TUCO, TOL
TCLC¥y TULR,

COMMCN 7/ INTEGR/

X IGy ICUTTR,

X JMy JML

X MSTAGE, NLINES,
EQUIVALENCE

I I} D I W} D M I M} X I XK M} M X

M I M I M X K

TITLE
Ry MOLFWT, JOULF
Sy11)y  FLOWI(3Z)
YES
ALPHA(10,11), ATAR(29,11}),
BH(32), BLADE(29) ;5
CP{32411), cpco(ed,
cu2tll), CUl32.1
CXM{1C,111), CXNEW{(! 4113,
DALl0)., DELMC 'y
DFACT (29411, DFLEZ '
FCUND(20,3+10)y FRDEL O,11),
HuBd(32), IKK{10) s
PNR(32411), R{32+s11)¢

RHO(22411),
RSLOPE(10+11),
SSCO(ZY45)
TERMC(11),
TSTAT(1L),

Ay AA,
Ry CCo
CPla, CPI5,
DCP,y DD,
Gde GRy
RPM, TCP,
TOLAY, TOLR2,
TOTINT, TOTPR,
| 8 18,
IPASS, IS,

Kp Kl'
NTURBESy NX,

(ATAR(1,1)9ATAS(Ls 1)),

RINT{11),
RIRAIL(IL),y
TERMLI(10,11),
TiP(32),
Uiizyll),

Al10AQ, A202A0,
CM™, CMEAN,
(P16, cPN2,
DIFCV, DT,
GR2, JOULE
TFRMD, TESTBH,
TOLAIN, TOLMS,
Vy vl
181, [DUMP,
17T, Jo

KK,y Lo

NX1,y YES

TRZ2{/7)

Bv(32),

CR(32,11),
CC0(29,5),
C XRATO(27)
CUEPVI10.1Y),
DFLOW(32),
GAMMA(32,11),
MACH(29411),
“L,AVE({10+11),
PUHSYAGHULL )y
SCCO(2945)
TFRMA(L1L),
TITLE(L12)

will),

A303a0,
CMFANP,
C P03,

D UMMY ,
M APR,
TESTOS,
TOLTIP,

[ ERRUR
JIN,
t IMIT,

(FLOW(L1),DFLOW(L))

A404AQ,
COINTG,
CPO4,
FRAS1,
MOLEWT,
TESTMS,
TOLCP,

TFIRST,

JJy
LSTAGE,

SHOCK= Y - TERMl(LpJ)*ATAN(SQRT((Z-I.Of*(l+l.0)l/TERMl(LoJ’) +
X ATAN(SART((2-1.0)1%(Z+1.0)))

RETURN
EMD

B-12

11702767

SHNC3382
SHNC3383
SHOC3384
SHNC3385
SHNC3386
SHNC?387
SHOC3388
SHCC 3319
SHOC339)
SHOC339]1
SHOC 2372
SHNC 2393
SHOC339%
SHOC3395
SHOC239%
SHOC3397
SHOr 3398
SHOC3399
SHNC340)
SHOC 3401
HHOC340?

SHOC 3403 .

SHOC240%
SHOC 3405
SHNC 3405
SHOC 3407
SHOC3640R%
SHOC3403
SHOC341)
SHOC3411
SHOC 3412
SHOC3413
SHNC 3414
SHOC3415
SHNC3415%
SHOC 3417
SHOC341R
SHOC3413
SHOC342)
SHNC 3421
SHOC 3422
SHOC3423
SHOC3424%
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SLINE. - EFN SOURCE STATEMENT
SUBROUTINE SLINE(XsXTeYTsNsANS)
DIMENSION XT(500)9+YT(500!

IF (N-1) 313:11

IF (X=XT{(1)) 39344
RETURN
ANS=YT (1)
G070 2

IF (X=XT(N})
ANS=YT(N)
GOTo 2

T9545

IFN{S)

ANS=(YTINI=YT(N=1) }(X=XTIN=13) /CXTIN)=-XTIN~1))+YT (N-1)

GOT0 2
K=N-1

DC 8 [=24K
IF {X=XT{I))
CONT INUE
GOY0 6

9,1C,8

ANS'(YT(()-YT(I-I))*(X-XT(l-l))/(XY(I)—XT(I-!))+YT(I-1)

GOT0 2
ANS=YT (1)
GOT0 2
END -

B-173
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SLIN3425
SLIN3426
SLIN3427
SLIN3428
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SLIN3430D
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SLIN3433
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SLIN3438
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SLIN344D
SLIN344)
SLIN3442
SLIN3443
SL N3444
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STAOR. - EFN SOURCE STATEMENT - [IFN(S) -
SUBROUTINE STAOUT
*¥% COMPUTES STATOR EXIT GEOMETRY
COMMON /VGEQM/ ALH{29), ALT{ 29}, ALTER,
X ASPECT(29), FPATH, SAVEA(29) :
LOGICAL FPATH
DOUBLE PRECISION TITLE
REAL MACH, MAPRy MOLEWT, JOULE
DIMENS ION ATAS(2G,11), FLOW(32)
LOGICAL [IERROR, YES
COMMON /MATRIX/ ALPHA{10,111}, ATAR(29,11), B2(29),
X BETA(10,11), BH{32), BLADE(29), BT(32),
X CO{10+11), CP(32411), ceco(e), CR(32,11),
X CSLOPE(10y11)y CuU2(11), CU(32,11), CUC0(29,45),
X CX{32+11) CXM{10,11), CXNEW({10,412), C XRATO0(29),
X CXS(10s113, DA(10), ODELMI(11), DEPV(10,11),
X DFt(20), DFACTI(29y11 ), DFL(29), DFLOW(32),
X EMACH(29,11), FOUND{(20+3,10), FRDEL{10,111), GAMMA(32,11),
X HMN{29), HUB(32), IKK{10) MACH(29,11),
X OBAR(29,11), PO(32+11), R(32,11), RCURVE(10411),
X RH(32), RHO{32,11), RINTL11), ROSTAG(11),
X RS(32), RSLOPE(10s11)y RTRAILI(11), SOC0{29,+5),
X SOLID(29,11), $SCO(2%9+5), TERM1{10,11), TERMA(11)
X TERMB(11l), TERMC(11), TiP(32), TITLE(12),
X TG(32411), TSTATI(11), ui3a2,l1l1), Will},
X Xt32) ) . :
CCMMCN /SCALER/ A, AA, A10AC, A202A0, A303A0, A404A0Q,
X AS505A0, B8, BBy CCo» CM; CMEAN, CMEANP, COINTG,
X ZPl2y cP13, CPla, CPIS5,y CPi6, cP02, C P03, CPO4%,
X CPUS, DAMP, DCe, DDy DIFCM, DT, DUMMY, ERAS1,
X Gy GASK GJdy GR, GR2, JOULEs MAPR, MOLEWT,
X POCO, Qe RPM, TCP, TERMD, TESTEBH, TESTOS, TESTMS,
X (QCO, TOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLTIP, TOLCP,
X TOLCXy TOLRy TOTINT, TOTPR, V, VMl
COMMON /INTEGR/ 1 18, 181, IDUMPy T ERROR, IFIRST,
X IGy IQUTTR,y, IPASSy IS 1T, Jy JINy JJdy
X JM, JML, Ke Kle KKy Le LIMIT, LSTAGE,
X MSTAGEy NL INESy NTUBESs NX, NXY., YES
EQUIVALENCE (ATARI{1ls1)esATASILy1))y, (FLOWL1),DFLOW(1})
L= 1}
IF (LSTAGEJNEST) GO TC 45
IF («NOT.FPATH) GO TO 20

#kk ESTIVNATE THE FIRST STATOR GECMETRY

RS{T7)= RS(6)

DT= (RS{6) =RH{6))/ASPECT(T)
RH({T7)= RH{6) +DTHAMINL(O.6,
X(7)= X(€) +DT

GQ TO 25

*%# PICK UP THE STATUR GEOMETRY

B-74
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0.8%ALH{(T7))
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STAQ3447
STAD3449
STAD3450
STAD3451
STAD3452
STA03453
STAD3454
STAD3455
STA03455
STAD3457
STAD3458
STAO3459
STAQ3460
STAO3461
STAD3462
STAQ3463
STAQ3464
STAO3465
STA03466
STAO3467
STAD3468
STAD3469

-STAD3470

STAD3471
STAD3472
STAD3473
STAD3474
STAQ3475
STAD3476
STAD3477
STAD3478
$TAD3479
STAD348)
STAD3481
STAD3482
STAD3483
STAD3486
STAD3485
STAD3486
STAD3487
STAD3488
STA03489
STAD3490
STAD3491
STAD3492
STAD3493
STAD3494
STAD3495
STAU3496
STAD3497
STAD3498
STAD3499
STA03500
STA03501
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20 RH(I)= HUB(1)
RS{IY¥= TIPLL)
25 CALL RSTART
DO 3 J=1,NLINES

«*% [NITIALIZE THE FLOW PARAMETERS

TO(Lyd )= TO(I-1ed)
CP(L,yJ1=CP{I-14J)
GAMMAL 1, J)= GAMMA(I-1,J)
3 PO4I,J)= POCO*(0.89%(T0(1,J)-TOCO)/TOCO +1,0)%*
X (GAMMA(I,1)/(GAMMA(I,4) -1.00)
CALL INEST
CALL STREAM
CALL MOVE
RETURN

«%%x ESTIMATE THE DOWN-STREAM STATOR PROPERTIES
45 CALL COPY

RETURN
END

B-75

STA03502
STA03503
STAD350%
STAD3505
STAQ3506
STA03507
STAD3508
STAD3509
STAO3510
STAO3511
STA03512
STAD3513
STAD3514
STAD3515
STA03516
STAD3517
STAD3518
STA03519
STAD3520
STAN3S521
STAD3522
STAD03523
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SUBROUTINE STREAM STRE3528
STRE352¢6

«xx COMPUTES AXIAL VELOCITY DISTRIBUTIONS WHICH SATISFV STRE3525
CONT INUITY AND LOCATES STREAMLINE POSITIONS STRE352%
STRE3S27

DOUBLE PRECISION TITLE STRE3529
REAL MACH, MAPR, MOLEWT, JOULE STRE3530
DIMENSION ATAS(29,11)y FLOW(32) STRE3531
LOGICAL [IERROR, YES STRE3532
COMMON /MATRIX/ ALPHA(10,11), ATAR(29,11}), B2(29), STRE3533
X BETA(10,11}), Bri3cy BLADE({29). BT(32), STRE3534
X CC(10.1L), CP{32,11), CPCOL6), CR(32411), STRE3535
X CSLOPE(10,11), CU2(11}, Cut3z,1l1), CUC0(29+5) STRE3535
X CX(32,11%, CXM(10,11), CXNEW(10s11), C XRATO{29) STRE3537
X CXS(10e¢11}» DA(10), DELM{11), DEPV(10,11), STRE3538
X DF({20), DFACT{29,11). DFL{29), DFLOW(32), STRE3S539
X EMACH{29,411), FOUND(2093,10)y FRDEL(10,11), GAMMA{32,11), STRE3540
X HMN(29), HUB(32), [KK(10), MACH{29,+11), STRE3541
X OBAR(29,11), PC(32411), R(32411), RCURVE(10411), STRE3542
X RH{321}, RHO(32+11)» RINT(11Y, ROSTAG(11), STRE3543
X RS132), RSLOPE(10,11)y RTRAIL(L11l), STCO(29+51) s STREAS44
X SOLID(29,L1) SSCO( 29451, TERM1(10,11), TERMA(LY), STRE3545
X TERMB(11l}), TERMC(11), TIP(32), TITLE(12), SYRE3546
X TO(32,11), TSTATL(11), U(32,11), Will) STRE3547
X Xi32) STRE3548
CGMMON /SCALER/ A, AA, A1CAO, A202AG, A303A0, A404AD, STRE3542
X A505A0, &, 88, CCs CMy CMEAN, CMEANP, COINTG, STRE3550
X CPI2,y cP13, CPl4a, CP15y CPlIb6,y CPO2, C P03, CPO4, STRE3551
X CPOS5,. DAMP, DCP,y DDy DIFCM, DT, DUMMY, ERASL, STRE3552
X Gy GASK, GJy GRy G2y JOULE, MAPR, MOLEWT, STRE3553
X POCO, Qo RPM, 1LPy TERMD, TESTBH, TESTDS, TESTMS, STRE3S554
X TGCO, T0L, TOLAT, TOLB2, TOLMIN, TOLMS, TYOLVIP, TOLCP, STRE3555
X TOLCXy TOLR, TOTINT, YOTPR,y V, VMI STRE2556
COMMCN /INTEGR/ 1, 18y 181, IDUMP, TERRORy, IFIRST, STRE3557
X IG, IOQUTTR, [IPASSs IS, ITy Jy JINy JJde STRE3558
X JMy JML, Ky K1y Kie Ly LIMIT, LSTAGE, STRE3559
X MSTAGE, NLINESy NTUBES. NX, NXL1, YES STRE3560
EQUIVALENCE (ATAR(L,1)9ATAS(141))y (FLOW(L1),OFLOW(])) STRE3561
COMMON FENERGY/ Hy Ty GAMMER STRE3S562
STRE3563

CMEAN=CX(1,JdM) STRE3564
STRE3565

*%%x COMPUTE VALUES OF CXM,ROSTAGyAND TERMA, (CU**2+CR*%*2) STRE3566
STRE3567

DO 150 J=1yNLINES STRE3564
CXM{LyJI=CX(I+J)/CMEAN STRE3569
150 TERMA(J)I=CU(T,J)®x2¢CRI,J)I**2 y STRE3570
NCOUNT=1 STRE3S571
STRE3572

##% START OF LOOP ON CM CONVERGENCE STRE3573
STRE3574

INDIC=0 STRE3575
J= JM STRE3576
155 H= ~-(CMEAN®*2 +TERMALJY) /64 STRE3577
T= TO(1sJ) STRE3578

B-76
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(2 X 2K 2! (n}

160

165
170

205

260

275

280

285
290

STREM, - EFN SOURCE STATEMENT - [FN{S) -

CALL ENTALP
**x ERROR TRANSFER TO A NEW DATA SET

[F (VMI.LE.QO.J) CALL ERRORI(2T)
VMI= SQRT(VMI)
IF(CMEAN-VMI)205+205,160
IFUINDIC) 165,170,165

*5% PROGRAM NOT SUITABLE FOR SUPERSONIC FLOCW: GO TO A
NEW DATA SET

CALL ERROR{ 2)

INDIC=1

CMEAN= VMI#0.75

DO 260 J=1yNLINES
CXUI4J)=CMEAN®CXMIL,J)

H= ~{(CX(1,J)%%2 +TERMA(J))/GJ
T= TO(L, M)

CALL ENTALP

**%x CALCULATE STATIC DENSITY

B= POUI,J)*EXP({THERM3(TSTAT(J)) ~-THER 3(TO{I,J)1}/DCP)
RHO(1,Jd)= B/ TSTAT(J)/ GASK

DEPVILyJI=RHO(LyJI*CXM(L4 J)

CONTINUE

*%* CALCULATE INTEGRAL 0T RHO®CXM*R VS. R FROM HUB 1O TIP,
{TOTINT)y AND NEW VALUE OF CMEAN

CALL INTEG (GEPV,1)
TOTINT=RINT{NLINESI-RINY(1)

CMEANP=FLOW(I)/6.2831853/TOTINT
**xk ChECK CONVERGENCE OF CM

DIFCM=ABS({CMEAN—CMEANP) /CMEAN)
IF (DIFCM-TOLR}3C0,5.04280
IF (NCOUNT-30)290,29Uy285

*kk ERROR WIL'. CAUSE TRANSFER TO NEXT DATA SET

CALL ERRORt 3)
NCOUNT=NCCUNT+]
CMEAN=CMEANP

J= UM

GO TC 155

k*kk SUCCESSFUL CONVERGENCE ON CM

*2y |JSE CONVERGED VALUES JF INTEGRAL OF RHO®CXM*R VS. R FROM
R(J) TO RGJ*+1)y (DA VALUES), VO CALCULATE VALUES OF - -

STRE3S579
STRE3582
STRE3583
STRE358¢4
STRE3585
STRE3584
STRE3587
STRE3588
STRE3589
STRE 590
STRE3591
STRE3592
STRE3€93
STRE359%
STRE3595
STRE35 45
STRE%97
STRE3SGS
STRE3599
STRE3600
STRE3601
STRE3602
STRE3603
STRE3604
STRE3605
STRE3AK05
STRE36CT
STRE3608
STRE3609
STRE3610
STRE3611
3TRE3612
STRE3613
STRE361

STRE3615
STRE3616
STRE3617
STRE3618
STRE361)3
STRE3620
STRE 3621
STRE3622
STRE3623
STRE3A2¢
STRE3625
STRE36258
STRE3G2T

STRE3628 -

STRE3629
STRE3630
STRE3631
STRE 3632
STRE3633

DEPVILsJ)=(INTEGRAL RHO*CXH*R VS, R FROM RH TO R(J))/TOTINTSTRE3634
B-17
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300 CONTINUE
) DO 400 J=1+NLINES
400 CXUIgJ)=CXM{L,J)*CVMEANP

700 RETURN
END

(&
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THl. - EFN SOURCE STATEMENT - IFN{S) =~
FUNCTION THERML(T) THER3GES]
. THER 3642
c . ssx CALCULATES H = INTEGRAL FROM 0.0 TO T OF CP DT, WHERE CP ISTHER3643
c GIVEN AS A FIFTH OEGREE POLYNOMIAL THER3644
THER3645
DOUBLE PRECISION TITLE THER3646
REAL MACH, MAPR, MOLEWT, JOULE THER3647
DIMENS ION ATAS(29,11), FLOW(32) THER3648
LOGICAL IERROR, YES THER3649
COMMCN /MATRIX/ ALPHA(10,111), ATAR(29,11), 82(29), THER3650
X BETA(10,11), BH(32), BLADE(29), BT(32), THER3651
X CO(10,1110, cP(32,11), cPCO(6), CR(32y11) THER 3652
X CSLOPE{10,11)y CU22(11), cu(3z,11), CUCOD(29,+5) THER3653
X CX(32411), CXM( 10,110, CXNEW(10,11), C XRATO(29), THER365%
- e X CXS(10,11)¢ DA(10), DELM{ll), DEPV(10,11), THER35455
X DF{20), ‘DFACT(29,11), DFL(29), DFLOW(32), THER3656
- X EMACH(29,411), FOUND(2G,3410)y FRDELI(10s11), GAMMA(32,11), THER3657
X HMN{29} 4 HUB(32),  IKK{(10) ., MACH( 294111}, THER3658
X 084aR(29,11), P0O(32,11), R(32,11), RCURVE(10411i, THER3659
X RH(32), RHO(32,11), RINT(LL), ROSTAG(11), THER 366D
X RS(32%, RSLOPE(10+,11)e RTRAIL(11), S0C0(29+5) ¢ THER366)
X SOLID(29411)y -SSCO(29+5), ‘TERM1(10,11), TERMA(11}), THER3662
X TERMB(11), TERMC(11), TiP(32), TITLE(12), THER3663
X T0(32,11), TSTAT(11), U(32,11), W(ll) s THER 3664
| X X(32) THLR 3665
¥ CCMMON /SCALER/ A, AA, A10AO, A202A0, A303A0, A404A0, THER3666
. X AS05A0, B8, BBy CCoy CM, CMEAN, CMEANP, COINTG, THER3667
: X CPlL2, cPI3, CPl4, CPIS5, CPlLo, cp02, c P03, CPOG, THER366K8
; X CPOS, DAMP, DCPy 00y DIFCM, OT, puUMMY, ERASL, THER3669
N » Gy GASK, GJde " GRy GR2, JOULE, MAPR, MOLEWTy THER36TO
s X POCO, Gy RPM, TCP, TERMD. TESTBH, TESTDS, TESTMS, THER36T]
‘ X T0CO, JOL, TOLAT, TOLB2, TOLMIN, TOLMS, TOLVIP, TOLCP, THER36T2
f X TOLCX, TOLR, TOTEINT, TOTPR, V, VM1 , THER3673
COMMCN 7/ INTEGR/ I, I8, IBl, 10UM?, [IERROR, IFIRST, THER36T4
X 1Gy -~ IOUTTR, [IPASS, ISy Y, | ) JIN, Jdo THER3675
X JMy JML Koy Ky KK, Ly LIMIT, LSYAGE, THER36T6
X MSTAGEs NLINESy NTUBES, NX, NX1y YES . THER36TT
5 EQUIVALENCE" (ATAR(!vl)vATAS(lol’)v (FLOW(1) ,DFLOWI(L)) THER 3678
g . THER36T9
C THERML= (CPCU(I\0(CP[Z*(CPl30(CPl4*(CPl5*CP[6‘T)*T)* TKER3630
% 1T)*T )&T =T - THER 3681
?i RETURN THER3682
3 END THER3683

(‘1‘
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SUBROUTINE THERMZ(POVER,TOP,T)

s*% SOLVES FOR TOP IN GASK * ALOG(POVER)= INVTEGRAL FROM T

TO TOP OF (CP/T)

o7,

POLYNOMIAL. (SEE THERM1).

DOUBLE PRECISION TITLE

REAL MACt, MAPR, MOLEWT, JOULE

DIMENSION ATAS{29,110¢ FLOW(32)

LOGEICAL IERROR, YES - .

COMMCN /MATRIX/ ALPHA(L0.11), ATAR(29,11),

X 3ETA(10,11), 8H(32), BLADE(29)

X CO(10,11), CP({32,11), CPCO(6),

X CSLOPE(10,11), <CU2(11), Cu(32.,11),

X CX(32.11), CXM(10411), CXNEW(10,11),
X CXS{10411), DAL 10), DELM(11},

X DF(20}), DFACT(29,11), DFL{29),

X EMACH(29,11), FOUND(2043+10), FRDEL(10,411¢,
X HMN(29), HUB(32), IKK{10),

X OBAR(29,11), POL32,11), R(32411),

X RH(32), RHO(32,11), RINTC(L1),

X RS(32}), RSLOPE(10,119y RTRAIL(11),

X S50LID(29411), $SC0( 2945}, TERML1{10,11),
X TERMB(11), TERMC (11}, TIP(32),

X YOU(32,11), TSTAT(11), Ui32.l1),
X Xt32)

COMMON /SCALER/ A, AA, A10AO0, A202A0,
X A505A0, 8, BB, CC, CWMy CMEAN,
X CPIzZy cP13, CP1l4,y CPISe CPl6, cPN2,
X CPOS, CAMP, DCPy DD, DIFCM, DT,

X Ge GASK GJy GR, ~ GR2, JOULE ¢
X POCQO, QG RPM, TCPy - TERMD, TESTBH,
X TOCO, TOL, TOLAT, TOLB2y TCLMIN, TOLNS,
X TOLCX, TYOLR, TOTINT, TOTPR, V, VMI

COMMON /INTEGR/ 1o 18, 181, IDUMP ,
X 1[Gy IQUTTR. [IPASS, ISy I7, Je
X JMy JML, Ke Kle KKy Loy
X MSTAGE, NL INES, WNTUBESe NXy NX1, YES

10

15

EQUIVALENCE (ATAR(Ly1)9ATAS(141010,

XA= ALOG(POVER)*D(CP

BOT= THERM3(T)
DO 10 NN=1,50

DT= TOP*{XA —THERM3(TOP) +BOTI/CP(1l,1)

TOP=TOP +CV

IF (ABS(OT),LE.TOLCP)

CONTINUE

GO YO 15

%% ERROR TRANSFER TO A NEW DATA SET

CALL ERROR{ 26}
RETURN -
END

WHERE CP [S GIVEN AS A FIFTH DEGREE

82(29),
8T(32),
CR(32,11),
CUCD(29,5),

C XRATO0( 29},
DEPV{10,.11),
DFLOW(32),
GAMMA (3 2,11),
MACH(29,11};
RCURVE(10,11),
ROSTAG(LLY),
SOC0(29,5),
TERMA(L1L)
TITLE(12),
will),

A303A., A404AO,
CMEANP, COINTG,
CPO3, CPO4,
DUMMY, ERASLl,
MAPR, MOLEWT,
TESTDS, TESTMS,
YOLYIP, TOLCP,

1 ERROR,
JIN,
LINIT,

IFIRST,
JJe
LSTAGE,

{(FLOW(1),DFLOWLL))

THER3686
THER 3685
THER3686
THER 3687
THER 3688
THER3683
THER3690
THER3691
THER 3692
THER 3693
THER3694
THER3695
THER3696
THER3697
THER3698
THER3699
THER3700
THER3T01
THER3702
THER3703
THER3704
THER3705
THER3706
THER3707?
THER3708
THER3T03
THER3T10
THER3T1L
THER3T12
THER3713
THER3T14
THER3715
THER3T16
THER3717
THER3T18
THER3719
THER372)
THER3T21

THER3T22

THER3T23
THER3T24
THER3T2S
THER3726
THER3T27
THER3728
THER3729
THER3730
THER? T30
THER3731
THER3732
THER3733
THER3T34

THER3T3S
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FUNCTION THERM3(T)

*%* CALCULATE THE

OOUBLE PRECISION TITLE

REAL MACPH,

MAPR,

DIMENSION ATAS(29,11),

LOGICAL

DF(20),

RH(32),
RS(32),

Xi32)

AS505A0,
crPi2,
CPOS,
Gy
P0CO,
TOCQO,
TOLCX

3¢ 3 X X M K X B B B 5 B B 3 8 5 8 8 & & 84

COMMCN / INTEGR/

X [Ge
X JMy

EMACH(29,411),
HMN(29),
OBAR{29,11),

SOLID(29+11 ),
TERMB(11),
T0(32,11),

COMMJIN /SCALER/

IERROR, YES
COMMCN /MATRIXY/
BETA(10,11),

COo{10,11),
CSLOPE(10,11),
CX{32,11),
CXS(10,11),

$8C0( 29,51,
TERMC(11),y -
TSTAT(11},

Ay

88,
CPl4,
DCP,
GJ,y
RPM,
TOLAY,
TOTINT,
|
IPASS,
Ko

AA,
CC,
CP15,
D0,
GR,
TCP,
TOoLB2,
TOTPR
18,
IS,
Kl

X MSTAGEs; NLINES, NYUBES, NX,

EQUIVALENCE

(ATAR(1:1)0ATAS(141)),

MOLZWT, JOULE
FLOW{(32)

ALPHA(10,11), ATAR{Zz9,11}),
BH{32), BLADE(29),
CP(32411), CPCOL6),
cua(ily, CUul32,11),
CXM{10,11), CXNEW(10,11),
DA{10}, DELM(11),
DFACTY (29,11}, DFLt 29,
FOUND(20y3,10)y FRDEL(10,11),
HUB(32), IKK{10},

S PO(32y11), R{32411),
RHDO(324) ° RINT(11),
RSLOPE{lusil)y RTRAIL(L1),

TERM1(104+11),

TiP(32),
uf{la2,11)

Al10AO,
CcMy
CPlé6,
DIFCM,
GR2,
TERMD,
TOLMIN,
Vy
I8l,
IT,
KKy -
NX1,

A202A0,
CMEAN,
CPQ2,
ov,
JOULE,
TESTBH,
TOLMS,
vMli
1DUMP ,
Jy

Ly

YES

INTEGRAL OF CP/T DT FROM 0,0 TO T

82(29),
BT(32),

CR(32,11),
CUCO(29,5),

C XRATOD(29),
DEPVil0.11),
DFLOW(32),
GAMMA (32,11,
MACH( 29,11,
RCURVE(10,11),
ROSTAGI1l),
SOCO(29+5)

- TERMA(11)

TITLE(12),

Will),

A303A0,
CMEANP,
cCPN3,

DUMMY ,
MAPR,

TESTDS,
TOLTIP,

I ERROR,
JIN,
LIMIT,

(FLOW(L1) ,OFLOWLLN)

A4D4AOD,
COINTG,
CPOG,
ERASY,
MOLEWT,
TESTMS,

-ToLce,

IFIRST,
Jdy
LSTAGE,

YHERM3= CPCO(L1)*ALOG(TI(CPCO(2)+(CPO2+(CPO34(CPO4L+CPNS*T)*T)*T)

X «T)»7
RETURN
END

THER3736
THER3T37
THER3738
THER3739
THER3740
THER3741
THER374?
THER274.
THER3 T4%
THER3745
THER3T45
THER3747
THER3748
THER3749
THER3750
THER3751
THER3T7S52
THER3TS3
THER3754
THER37S55
THER3T756
THER3TS7
THER3758
YHER3759
THER3760
THER3761
THER3762
THER3763
THER3764
THER3765
THER3766
THER 3767
THER3764
THER3TS9
THER3T70
THER3TT1
THER3TT2
THER3773
THERATT4
THER3TTS
THER3TT6
THER3TTY
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SUBROUTINE THERMP THER3778

! 5
oo, A

b B B B 3 3 J

. THER3TT9

s#% CALCULATE SPECIFIC HEAT AT CONSVANT PRESSURE (CP) AS A THER3780
FUNCTION BEING A FIFTH DEGREE POLYNOMIAL. THEN THE THER3781 |
RATIO OF SPECIFIC HEATS IS CALCULATED AS CP¢(CP-.0686) THER3782 {
THER3733 -

COUBLE PRECISION TVITLE THER3784
REAL MACH, MAPR, MOLEWT, JOULE THER3785 1
OIMENS ION ATAS({29,11), FLOW(32) THER3786 1

LOGICAL IERROR, YES THER3787

COMMCN /MATRIX/ ALPHA(10,113,  ATAR(29,11), B2(29), THER3788 -

X BETA(1041110, BHI32), BLADE(29) BT(32), THER3789 ]

X CO(10,11), CPI32411), CPCO(6), CR(32,11), THER3790

X CSLOPE(10s11)s CU2(11), Cul32,11), CUCOT(29,5) , THER3791

X CX{3- 1il), CXM(10,11), CXNEW{10411'y CXRATO(29), THER3792 ,

X CXS(10s110, DA(10), DELM(11}, DEPV(10411), THER3793 .3

X DF(20), DFACT(29,11),  DFL(29), DFLOW(32) , THER3794

X EMACH(29,11)s FOUND(2G¢3,101, FRDEL(10s11)y, GAMMA(32,11), THER3795

X HMN(29) , HUB(32) IKK(10), MACH(29,11) 4 THER3796 g

X OBAR(29,110, PO(32,11), R(32,11), RCURVE(10,11), THER3797

X RHI32), RHO(32, 11D . RINT(11), ROSTAG(1L), THER3798

X RS(32), RSLOPE(10,11), RTRAIL(11), SOC0(2945) s THER3799 3

X SOLID(29s11)y  SSCO(2945), TERM1(10,11), . TERMA(11), - THER3800 jg

X TERMB(11), TERMC(11) TIP(22), TITLE(12) , THER3801

X T0(32,11), TSTAT(11), U(32,11), Will), THER3802

X X(32) THER 3803 :g
COMMON /SCALER/ A, Al Al10AO, A202A0, A303A0, A404AO, THER3B804 £

ASOS5A0, B8, BB, CCy ~ CMy CMEAN, CMEANP, COINTG, THER3805

cPl2, CPI3, CPl4, CPIS, CPI6, CPD2, CPO3, CPO4, THER3805 ;
CPUS, DAMP, DCF» DDy DIFCM, DT, DUMMY, ERASl, THER3807 13 .
G, GASKy  GJy GR, GR2, JOULE, MAPR, MOLEWT, THER3808 “
POCO, Qo RPM, TCP, TERMD, TESTBH, TESTDS., TESTMS, THER3809

TOCO,  TOL, TOLAT, 10LB2, TOLMIN, TOLMS, TOLVIP, TOLCP, THER3810 T
TOLCX, TOLR, TOTINT, TOTPR, V, VMI THER3811 a4

CONMCN /INTEGR/ |, 18, 181, IDUMP, T1ERROR, IFIRST, THER3812 :

X 1Gy I0UTTR, IPASS, IS, IT, Je 3ty Jdy THER3813 1.

X JM, M, Ky K1y KKy Ly LIMIT, ULSTAGE, THER3814 £§ :

X MSTAGZ, NLINES, NTUBES, NXy NX1, YES THER3815 f
EQUIVALENCE (ATAR(1s109ATASILyo1))e (FLOW(L) ¢DFLOW(L)) THER3816 .

_ THER 3817 =i’
CPUIsd)= CPCOILI*(CPCOCZ)+(CPCOI3)+{CPCOI4)+(CPCO(S)+CPCOI6)® - THER3B1S !

X TOUTod) 18TO(Tod NISTO By ) 1STOC Ly ) IS TO(T 4 ) THER3819 ,
CVe CPIl,d) = DCP THER382) r
GAMMAL T9J)2CP( 1y J)/CV THER3821 i]
RETURN THER 3822 ,
END THER3823

B-8

Wo-

i S i

b

Q



—es orms Gy TN SEE SN S - W e

5
6

SUBROUTINE XDERIV(Y,0YDX)

%8¢ CALCULATE THE FIRST AND SECOND DERIVATIVE
WITH RESPECY TO X (AXIAL LENGTH)

AA= (Y I=19d 0=Y(Tod D)/ UXET-10 =X
8B=(Y( 1¢lod =YL od) )/ (XCTeL)-XL
DYDX(Lyd)= (YUI¢1led) =Y(I=LydN}
CONT INUE

RETURN

END

)
1)
/H

.

OF Y

82(292),
8T{32),
CR({32,11),
CUCO(29+5),
C XRATOD(29),
DEPVI(10,11),
DFLOW(32) y
GAMMA(32,11),
MACH(29,411),

RCURVE{ 10411},

ROSTAGI(11),
SOC0(29+5)
TERMA(11),
TITLEL12),
Will),

A303A0,

A404AQ,

CMEANP
cepo3,
DUMMY ,
MAPR,

TESTDS,"

TOLTI P,

1 ERROR
JINy
LIMIT,

COINTG,
CPO%,
ERAS],
MOLEWT,
TESTMS,
TOLCP,

IFIRST,
Jdy

LSTAGE, .

DIMENSION Y(32,11), DYDX{10,411)

OOUBLE PRECISION TITLE

REAL MACHk, MAPR, MOLEWT, JOULE

DIMENS ION ATAS({2Ss11)s FLOW(32)

OGICAL JERROR, YES

CCMMON /MATRIX/ ALPHA(10411)y ATAR (29411},

X BETA(10411), BH(32), BLADE(29),

X C0(104,11), GCP{32y11), cPCO(6),

X CSLOPE(L1O,11)y CU2(11), cuiaz,1ll),

X Cx€32,11), CXM(10,11), CXNEW(10,11),
X CXxS(10+11), DA(10}, DELM(1L),

X DF(20), DFACT(29411), DFL(29),

X EMACHI29,11), FOUND(20493¢10),y FRDEL(10,11),
X HMNL29), HUB(32), IKK(10} o

X OBAR{29:11), POL32+11%, R(32+11),

X RH{32), . RHO(32,11), RINT(11),

X RS(32), RSLOPE(10,11)y RTRATIL(11),

X SOLID{(29,11), SS5C0(29,5), TERM1(10,11),
X TERMB(11), TERMC(11), TiPt32),

X TOU{32411), TSTAT(LL), U(32.11),

X Y(32) '

COMMON /SCALER/ A, AA, Al10AQ, A202A0,
X AS0QS5A0. 8y BB CCy CM, CMEAN,
X CPL2s cPid, CPi4, CP1S, CPIG, crP02,
X CPOS, DAMP, 0CP, DD¢ DIFCF, DT,

X Gy GASK, GJy GR, GR2, JOULE
X POCO, Qs RPHM, TCP, TYERMD, TESTBH,
X 700, TOL, TOLAT, 7TOLB2y, TOLMIN, TOLMS,
X TOLCXy TOLR, TOTINT, TOTPR, V, VM1

CCMMCN /INTEGR/ 1, iB, 181, IDUMP,
X 16y IOUTTR, [IPASSy IS T, Jo
X JM, JML, Ko Kly Ky Ly
X MSTAGE, NLINESy NTUBESs NXy NXLl, YES

EQUIVALENCE (ATAR(Ly11¢ATASILs1))y (FLOW(1),DFLOW(1))

OYDX{10,J9=0.0

L=]

DO 5 I=IB1sNX1

tL=Lel

)
' .
X(1+1) -K(1=1))"

B-83

e*

. b
- !
k

A

XDER3824
XDER3B25
XDER3826
XDER3827
XDER 3828
XDER3829
XDER38390
XDER3831
XCER3832
XDER3833
XDER3834%
XDER3835
XDER3836
XDER3837
XDER3A 3L
XDER3839
XCER3B4LO
XDER3841
XDER3842
XDER3043
XDER3844
XDER 3B 4S5
XDER3846
XDER3847
XDER 3848
XDER 3849
XOER3850
XDER 3851
XDER3852
XDER3853
XDER3854
XDER3855
XDER3856
XDER38%7
XDER38%8
XDER Y59
ADER346)
XDER386]
XDER3862
XDER3B63
XDER3864
XDER 3865
XDER3866
XDER3867
XDER 3868
XDER3BOHI
XDER38T0
XDER3AT]

XDER3872

XDER3873
XDER38 7%
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AN EXIT

SHEET ) of 2

(Soprourme ex)

ADDS AN EXIT T8 THE MACHINE BASED
ON A HOR I ZONTAL TiP AND THE WHUB
CALCULATEDYD FReM THE RATI® 6F THE
AREA ©OF THE STATIeN T6 THe AREA
6fF THE LAST STLTOR T©AT

Or = X(LSTACE)-X(LSTACET) T

L e ;&%i;:\"ﬁ*-}"-h gt oeT "y

- B R A T . B sy -
dip 55 UGN WD BN S W N G B O EF T e e

3

- W
iy

AA=RS(LSTAGE) %% 2
BR-RH(LSTAGE) % %2

D6 |0\
JK=1,3

"
N
>
bd
v
+

JL=L37A4CF v*J/(‘l

YL =70i-2)voT




AN EATT

SHVEF 7 2 ofF 2

RIILITRS (LYTAGE)
RH(IL)=SQRT(AA (BB -IR) * 274K ( 7,JK))
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DATAL S.R.

m

SUBRROUTINE DATAL)

w

GK(K,\D wxl,
J=1,3)

C-8

PREPARES A MASTER TAPE
OF LL6SS DATA.

IF A PERMANENT FILE IS
USED, THIS ROUTINE IS TO
BE blsc.ARDGD (THE
$ENTRY MUST ALSO BE
CHANGED.)
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A

5
2
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PREPARED i DATE

BYEUNE A surgg%gm

ORIV E f e
SHEFT K 0F 7

APPROVED

L.

II.

J=17

K=1/2

A =(B(L NLINES)+A(L -Z,NLINES)- (RH(T)+
AH(T-1)))/ (RS (2)+RS(T -2)-(RHIT) +RH(T-2)))

S0LID (T {NLINES)=S0C0O(Z, 1)/(Soeo(7,2)*4)+
Jocwz 3) +(380L0(7, V)ts’oc()(r WILILY

A= (#(z, 2P R(T +2, 1) Cp (1) -RH (T L)) (R E(L)
‘*/FS/I+J) AU/(I) "AH(T+Z))

$0LID(T 42, 2) =80C0(T+1,2)/($0C0(L+7,2) A )

+§eco(r+ L, J) *(&aco(r*[) y)+Seco(T+15)

X7) *4)
V= SQRT(CH (1 2, NLINES)¥ *2 +CA(T-1,NLINES)
KK Z AT 2 NLINES) - TN, WLINES))¥#2)

R=SQART(CH(L,i/LiNES)* ¥ 2 +CAIT,NLINES)¥*Z
t(eu(z, NLINES) YT, NLINES)) % ¥ 2)

DRT = 10-4/»/ UL -Z,NLINFES ) -CUI(T -2, NLINES)
“VI(T, NL//V[S)*CU(Z NLINE ! ))/\//501./0
(1, NUA/ES)/J 0

7= SQR7((’,7((2‘+Z J)XK¥)+LR(T+L, 1) ¥¥*T +
&0(7*1,7)*”‘2)

8- S@A;‘(cjwz 7)* ¥ Z2+4CR(T,2)%* ¥ +Cv(T,1)
* X7

OSH =2 0 -A/8 +(cc/(r,1>—au<z+z,z))/e/
Soe1o(z+12,7)/2. 0

H =-8¥8/Gd

7=70(T,1)

Q=0.5/50LIO(T,HL INES)

A=V¥.0 -OFL(T)) YT -1, NLINES)-CU
(IT-Z,NLINES)-U!T, NLINES)) * @

CO (Z,7) =-7. ¥ (U(T, NLINES) +A%8) (1. - %Q)

cou 2)= ICR(r,M/N[sm X2+ LA NLINES)
¥ '\‘240(1 NLINES)® ¥ 3-A¥A)1(2.0-Q% §)

ERAST = co(zz)”: Y. %20 (1,2)
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DISTRIBUTION:

REPORT NO. PAE JOB NO, PA

ov. ALLISON  omc

TITLE

ORIVE
SHEFT 6 oF 7 ‘

V. B-0.5¥5g

g=AMINZ(VO(T), B)

H={U(T, NA/N[S)*‘E Y(T-Z,NLINES)X Ly (T2,
#L/NES))*‘AMH(I A/L/NES)*J o0/6 J

T =70(T-" A/Z//VES)

CALL [/VTILP

PT)P=pPO(T - 1 NLINES) ¥ EXFUTHERM 3
(TSTAH T(-J)) JHERMI(T))/ 2L P)

. SQCo=CA(T,1)**2+ LR(I,1)*¥ 2
V= Sqao—*aU(I 1)¥ ¥ 2
H=-V/G
7:=T70(I1)

CALL ENTALP

CALL G AM

VMI = GR2 ¥ GAMMER > TSTAT (4)
ANMITXHMN(T) ¥ X2 -8QC0

YL, AA=(SQRTA(T +1,1) ¥*2+LU(T+1,2)¥¥Z
+LR(T 1, J)**z) -CU(T 41, 1)/.2 /
S0L1D(T~2, 1)/ 0FL (T ,_,) -Z.)

48 = .(/mrz(z+_/) -7.)/80L10(1+12,7)

¢l - //?3‘86/(66 ¥EE-L.)

AA (AT, T *¥2+CR(T, F)¥H2) - 44X
/4/)/(1 ~-BB*LE)

AA=CC*CL -77

MO Co(Z,2)=AMINLICU(T, 1), CUAMN, LUBETA
H = (cwr_n»wrz,z) -eulz- -7, 1)*:/(1- ) ¥
ATHRA(T, 1) %2.0/6G
7 =70(ZT- 1 Z)
CALL ENTAU?
A= (R(I,1)- ~RHLT))/IRI(T)-RH(T))
A= A/OKM(/()*(G veolr, 1)/ (Cyeo (1, 2)+A4)

+CUeol(1,3) +<C‘aco (T, V)fwco (1,%5)
*‘//)»‘/)
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DISTRIBUTION:
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SEPOAT NO. PAQE JOoR NO PAGE

ALLISON  omc. ]

TITLE

SHEET 7 OF 7

ORIVE I

YIII.
20

1X.

A =(R(I,J)-AH(T))/(RS(T)-RH(T))

Po(Z,]) = PO(T,NLINES)*NoRM (K) *(CLuco(L])
/CULO(T,2)+R)+Cuco(T,3) T LUCO
(L,9)*Cvco(T,8) *A)*A)

CARLL THERM2(Po(T,4)/PO(T Z,J),To(I,d),
70(1-1,4))

H=THERMZ(TO(L, ) THERMI(TO(T-1,J))

HEHIATAR(I,J)

CUT, J) (0. E*H*GJ +CY(T-1,J)*U(1-1,J))
/YT, d)

70:70(zr-1,J)

CALL ENTALF

70(T,0)=7STAT(J)

H=ATAS(T+1,J) *#

CALL ENTALF

PO(T »2,J)=PO(I-L, J)¥EXPUTHERMS
(TE727 ()~ THERMI(T))/DCP)

CALL THEARMFP

70(1#2,J) = T0(T,J)

CP(TI+Z,J)=LP(T,J)

GAMMA (T +2,3) = GAMMA(T, 4}

FORM 1877 REV. 7-87 C"15
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ENTALP

@BROUT:‘NE ENT@

[;ALCULATES THE TEMP,
RiSE CORRESPONDING TO
'AN ENTHALPY CHANGE

HoT =THERMI(T)
TSTAT (D =H/CPG) + T

‘ po |0
ITiR=1,7.5

HiT =THERM1 (TSTAT () J

E=H-H:T+ HeT
TST 4T(I) =E /cP(L1) + TSTAT(J)

10 ' F
ABS(E)<, 01

' T
((RETURN )

CALL ERROR(?D
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CALLULATES THE RATIO
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f

A =CcpPcoeln+ (CPce(zﬁ—;( CcPro (éi;—(éﬁce(@

+ (cPco (5) + cPCO (@) * TSTAT()) ¥ TSTAT(Y)
* TSTAT (J) % TSTAT(J)) * TSTAT(J))

GAMMER =A /(A~pC P)

@?‘[’URN D
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COMPYTE THE TOTHL PRFSSURE PKOFILE
NOR BLIZING FACTOR. NoTF: THE
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2.0 A7 THE 7/ STREA/ITLINE
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MSTRIBUTION:

REPORT NO PAGE JO® NO PAGE

ov.  ALLISON  owmc.

TITLE

PREPARED DATE

AOToUT
SHEELE 7T QP o0F 2

CHECKED

APPROVED

. RS8)=AS(5)
O7 = (KS(S)-RH(E) /ASPECT(6)
Vi ¥(5)~O7T
RH(G)= FH(S) +DT xAMIN2(0.6,0.8 *AL Wid)

I, V-0.9%LA(E,NLINES)
S=30L0(0, 1)/(3000(é 2)+2.0)+80¢0 (6,3)
*Soao(é v)+SoLo (¢, 5)
VM/ = Sémwc 7S, A/L//V[.S’)*’"’-Z +(CU(S5, NLINES)
-UCS, ,vzm/[J’))**.z)
0.5/
/? VM H*(T.0-0FL(6))+(U(E,NLINES)-CY
(Y NLINES) -U (Y WLINES)) ¥ &L
B2 o*(w/ NLINES) % *5)/(Q¥Q-2.0)
l= (vwv+a(¢ NLINES) ¥ ¥2 -RA¥R)/(L.0-Q¥Q)
FRAS 7+ 8#6 Y. 0 *C

L. p7= (U6, NLINESY¥CU (b, NLINES)-U/ (5,
NLINES )*cuw A/u,vfs))/a J/CP (2, z))*z 0
J=NLINES
TO(b;1)=70C0*OT
u/ﬂl THERMF
07 =0.7%pT
CU,d) =CU(6,d) *A (6, J)
Do ?0 L=7, /VUMRS'
70(46.]) " 7’0(4 J)
LP (b, L) cﬂw J)
GAMMA (6, 1) = GAMMA (b, J)
pPo(eé )~ /’oco *(07/70c0+z o)X *
(6/7/4»14(6 1)/(QGAMMA (G, 7) -2 .00,
Y0 CU(é L)‘cﬂ(é J)/Fi(é L)
VAR 4

FORM 1877 REV. 7-87 C-69
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}

RSTART S.R.

‘ SUBROUTINE RSTARD

CALCULATES EQUAL AREA
ESTIMATE &F STREAMLINE
PESTIBN AND WHEEL SPEED

Y
AA=RSGI%#2-RH( e %2

BB = RS(1)x#2—AAXKBH(})
CC = AAR(BHE)+BTG)-1.0)

DD = RPM%.10471976

ERAS!I =BB+DELMUI*CC

;

ERROR TRANSFER TO6 A
NEW DATA SET

e
RAS| <0 CALL ERRBR(
€=—(
R(Z,4)= SQRT{ERASI)

0 l

uli,J) = R(i,0) % RPM

1
C RETURNDC_W
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SLINE S.R.

10

" SUBROUTINE SLINE
N, A

ANS =YT()

JANS =YT(N)

9

ANS= YT(i)

ANS =(YT(D =YT(i - 1) % (x=xTG-1)
/T &) -x1(i- m+ yT (Gi-1)

CONTINUE

¢ t

ANS =(YT(N) =Y TON =1V % (R=XT(N =)
/ (TN =XT(N=1)) + Y T{N =)

C

RETURN )
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DISTRIBUTION:

“R PRO nlml.nwmmnp L PAGE IS POD

mm o P

REPORT NO PAGK JOB NO,

ot —

ov.  ALLISON GMC.

»
»

TITLE

>
-
-

STAEAM

SHEL 7 2 oF &

APPROVED

FHa
SHEET

\ z.

(&ucc[s@fw. CONVERGENCE oN M )
USE CONVERGED YALUES OF INTEGRRL 0F BHOX CAM¥
R VS R FROM R (J) TO R(J+L),(PA VALYES), T

CALCULATE VALUES OF - - ﬁf’/’V(L J) = (/A/TE(:, AR
RHOXCAMER VS. 7 FROM KH T0 /?’J))/T@T/A/T

300
é’o,f/r//wt’)

20 0O
J= 7, MLINES

7200
CHAT )= CAM(L,J) ¥CMEANP

700 l %
AETURN )

SORM 1877 REV. ?7°87 C'75
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DISTRIBUTION:

AEPONT NO. PAGK JOB NO,

DiV. ALLISON GMC..

PrAGR

TME

STREAM e

SJHEET 3 0F 3

. CAMLI)=CA(T,J)/CMEAN
750 TERMAC)=CU(T) J)* %2+ LRI, )% *2
NCOUNT = 1 .

. /wvoe =0
J= M
1548 H=-(CMEAN**2 + TEAMA(I)) /64
7 =70(7,d)
CARLL ENTALP
" CALL GAM
VMI = GR2Z¥GAMMERXTSTAT (J)

TII. B=POCT,J)¥EXP(THERM3(TS TAT(J))
- THEAMI(TO(CT,I))I)/OCP)
AHO(T, ) =B/7STAT)/GRSK
DEPV(L,J)=RHOCT,J)* e xMI(L,J)

FORM 1877 REV. T-07 w
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THERM1 FUNCTIBN

Gu NCTioN THERMI(T)

CALL. H = INTEGRAL FROM
0.0 Te T OF P DT,
WHERE CP iS GIiVEN AS
A 5T peaREE PBLYNOMIAL

L

THERML =(creo (1)+ (cPiz
1+ (epiz+(cpigq +(cric +
CPICHT)#T) #T) AT % 1) 5T

b
C 'RETURN )
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THERMZ

(Sunnounm: Tnaﬁmﬂ
\(Pwm_rlaf, r) ./

SOLVES FOR TOP N
GASK * ALo G(POVE R) =
INTEGRAL FROM T TO
Top of (CP/T)DT,wHsRE
¢y iS GIVEN AS A ‘s 1d
DEGREE POLYNOMIAL .

(sca THERML)

'

XA =ALOG(POVER)XDLP
BoT -+ 7‘#!/?/‘13(7')

FAROR TRANSFFAR. To

A NEW DRATR SET

/0

Y£S

(RETURN )
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THERM3 FUNCTION

@NCTiGN HERM‘S)
('rx

CALC. THE INTEGRAL 6F
cP/T DT EROM 0.0 TOT

!

THERM3 =CPcel) % ALOG(T)
+(crco)+(croz +(ePez2
+(cPO4 + CPOSHT)T) %T)

*T)%T
1
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THERMP

@ERGUT:NE THERMb

. -

l

CALC. SFECIFiC HEAT AT
CONSTANT PRESSURE (cp)
AS A FUNCTIeN BEiNG A
FiFTH DEG, POLYNOM AL,
THEN THY RAT® oF
SPECIV/C HEATS TS CALL
AS CP/lcP-.0680)

cP(u) =cpPee ()4 (crco(a)
+lcpce(®)+(cPeola)
*(cPcels) +ceco (6)
76 (i, W% T (i, )%
o1, )% Teli ) #T6 (s J)

'

cvV=cp(xJ) -0CP

!

GAMMA (1, 0)=CP(1d) /e V

y |
( RETURN )
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CALCULATES THe | 2T
AND 2 82 DERIVATIVE
OF Y WiTH RESPECT
Te X (AXiAL LENGTH)

l

oyox(io,J) =0.0
oY b2axX(io,4)=0.0
L=1

=

oy
)

¥

D e .

bt

o

L=l +1
AA=(YCi=1,0) =Y (3,0 )/ (RG=1) =X ()
BR=(y (i+1, 0) -¥(i,00)/ (K (i41) = X (i)
| DYDBX (L) 2CVC41,0) =Gt )/ R+ =K = 1Y)

fromm—
v it

I{z.voz.x(\.,dh(m-as)/ (rCi=1)=xCi+ )%k 2,0

e

TR A DMLY QQ{MWFWWWM B e T
L«‘a -::

f-ﬁ..’.’ o

oy
( RETURN )
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Q45 DATA PREPARATION

The Q45 program is a compressor design program which iterates on
efficiency through blade element loss correlation based on diffusion factor,
Energy addition is based on either rotor tip diffusion factor, tip tangential
absolute velocity, stator hub Mach number, rotor hub exit relative flow angle
or stator hub diffusion factor. The energy addition can be limited by any one
of these variables,

Two primary options have been incorporated in this design program.
These are:

® Modification I— Annulus wall geometry defined to compute aerodynamics
and axial velocities.

@ Modification II—Mean streamline axial velocity ratio defined to compute
aerodynamic and annulus wall geometry.

The procedure necessary to use these options will become evident in the
following description of input data preparation., Reference can be made to
the descriptive data sheets.

All data input in each field is specified either as an integer or as a float-
ing point number. The integer must be right adjusted in its field. The non-
integer input can be read in as an exponential which will take four columns
in each field. This reduces the amount of significant numbers and computing
accuracy. ' '

All data cards are displayed by type in the sample data sheet appearing
at the end of Part A of this appendix,

CARD 1-—~TITLE CARD

Alphanumeric information from Columns 1-72 which is printed out at the
beginning of the output data.

CARDS 2 & 3—CONSTANT PRESSURE SPECIFIC HEAT AS FUNCTION OF
ABSOLUTE TEMPERATURE

The constant pressure specific heat variable as a function of temperature
is determined by: :

2 3 4 5
cp =8+l +apT +agT +a4T + agl

where T is in °R. The following sets of constants can be used as derived from
Xeenan and Kaye gas tables:

IO e s

2
4




Temperature] 0° to 1700°R 500° to 34C0°R 1500° to 5000°R
a, 0.23746571 0.257348261 0. 18198209
a 0.219619999 X104 | -0,82118436 x10"% | 0.87076455 x10™%
T ay -0, 87791471 x10°7 | 0,11967112X 1078 | -0.28093746 X107
-9 -10 -1l
ag 0.13991136 X10 -0, 57795091 X10 0.50606304 Xiv
ay -0,78056154 x10°13 | 0,12572563 x10" 13 | -0.40556182 X107 1>
5 -16 017 s s10-19
ag 0.15042504 X10 -0,10414624 X10 0.18191946 X10

CARD 4—LOSS PARAMEYER DATA SET BUFFER ZONE

A total of up to ten loss data sets mnay be called from the library of per-
manent data described earlier. A loss datz set consists of the loss param-
eter (Ep cos ,8'2/2¢r) versus diffusion factor at each of 10, 50 and 90% annulus

height stations of the geometric annulus. (For the purposes of loss computa-
tion, blade height is measured from the hub.) The library may consisc of a
data deck as this program deck is presently set up or a logical storage unit.
The loss-data set is prescribed as an integer and a total of 999 loss data sets
can be defined in the library,

Card 4 is a buffer zone calling up to ten sets of losses. The data sets
should be called in the buffer layer in increasing numerical order for read-in
time saving., Needed fields in the buffer zone should be filled from left to
right with no blank fields to the left of the last used field. As will be shown
later, any one of these loss data sets in the buffer zone can be specified for
any rotor or stator blade row as desired. However, loss-data sets specified
in program data for individual blade rows are identified by an integer describ-
ing their location in the buffer zone—(ec. g., 1f loss-data set 015 is retrieved
from the master file and stored in the fifth sector of the buffer zone, it is
identified as data set 005 when called up in the data for any given blade row).

CARD 5—GENERAL DATA AND OPTIONS

Columns 1-5

The maximum number of compressor stages desired is specified up to a
maximum of 12 stages.

Columns 6-10

Number of streamlires desired for the aerodynamic analysis. Number
that can be specified. whi~h inc'udes the annulus aerodynamic wall boundaries

(2), is 5, 7, 9 or 11,
D-2

ol

R

I I £

Pttt

Lar sl

Gl Cag U OO0

L - - )




ol

I N

o

e oL, . Pao e . AN ! PR -
CUmE TR MR M DN SR PR R e WM G M B e Bas

-tion. Options are:

* for annulus walls calculation or "FALSE" for annulus walls geometry read-in.

“Columns 26-30 ) .

Columns 11-15

Option on printed output of computed data as function of streamline posi-

Integer 1: Print all streamline data computed
Integer 2: Print odd number streamline data computed
Integer 3: FPrint hub, mean and tip streamline data computed

Integer 4: Print hub and tip streamline data computed

Columns 16-20

Option to compute annulus walls through input of mean streamline blade
row axial velocity ratio or to read in annulus wall geometry. Read in "TRUE"

Columns 21-25

_ Any one or several of the follc .. ing options may be selected by inputting a
trigger value equal to the sum of the integers correspondmg to the desired in-
dividual options.. The options are: -

Integer 1 Specify suction surface expansion from leading eage to
normal shock intersection thrcugh fraction of total camber. 3

Integer 2: Card punch flow path coordinates. =

Integer 4: Specify suction surface expansion from leading-edge to-
normal shock intersection through flow angle at shock.
If options 1 and 2 are desired, inputlintegér 3. Possible trigger values
are 1, 2, 3, 4 and 6. -

Instructions 2an be given to ensure ‘hat each stage has reached a limit on .
either rotor tip diffusion factor, maximum rotor tip tangential velocity, rela-
tive hub exit flow angle, stator hub Mach number or stator hub diffusion factor,
The limit for each value is the value read in. The number "0" is used for this
instruction.

Because of the iteration process, the rotor tip diffusion factor may be re-
duced to a lower value because of stator hub Mach number limit, for example.
If this limit ceases to be a limiting value, the rotor tip diffusion factor can be
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raised or left to remain at 1ts last reduced value. If this latter alternative is
de51red then an integer "1" is read in for this instruction.

Summarizing, we have

Number 0: Drive calcul=iion to one of its 2erodynamic limits in
each stage,

Integer 1: In converged design, all parameters will be less than or
equal to their input limiting values.

Columns 31-40

Desired inlet flow rate in 1b, /sec

Columns 41-50 -

Molecular weight of gas in 1b_, /mole

~

Columns 51-60. | ¢ : .

Inlet total temperature in °R

Columns.61-70

Inlet total pressure in psia
CARD 6—GENERAL DATA AND CONVERGENCE TOLERANCES

Columns 1-10

Desired overall pressure ratio. Calculation will ‘cease when either over-
all pressure ratio or maximum number of stages from Card 5 is reached.

Columns 11-20 ~

Relative error tolzrance on iteration for axial velocity. This is used at
each streamline and at each axial station, Tolerance indicates accuracy on
successive calculations. A recommended value is 9. 01. This convergence
tolerance is independent of all other tolerances. :

Columns 21-30

Relative error tolerance on continuity. This is used at eich axial station
and independent of all other convergence tolerances. A recommended value
for this relative error limit is 0. 0005.
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Columns 31-40

Relative error tolerance in iteration for total temperature on each stream-
line at each axial station. Tolerance indicates accuracy on successive calcu-
lations. A recommended value is 0. 05 (°R). This ~onvergence tolerance is
independent of all other tolerances.

- Columns 41-50

Rotor tip speed (ft/sec) at first rotor inlet defined by geometric axial
station and case wall radius. Blade twist and rotor tip clearance are ignored.

CARD 7— CONVERGENCE TOLERANCES AND EXIT AREAS

Columns 1-10

Loading relative error toleranz‘:e defines the degree of convergence to be
obtained during drive option on the controlling limit value for each stage. A
recommended loading tolerance is 0. 01,

Columns 11-20

. Relative error tolerance on rotor and stage adiabatic efficiency for each
streamline. A recommended efficiency tolerance is 0, 01.

Columns 21-30, Blank.

Columns 31-40

Degree of convergence on mean streamline axial velocity ratio across
each blade row. A recommended tolerance is 0,01. Should be read in only
if "TRUE" is specified on Card 5.

Columns 41-50, 51-60, and 61-70

Ratio of annulus areas at three axial stations downstream of the last
stator exit station to annulus area at the last stator exit station,

CARD‘TVYPE 8—FLOW PATH DATA,” ANNULUS WALLS SPECIFIED.

As many Card Type 8 cards as axial stations are required through the
last stage stator exit. There are five inlet stations, the fifth being the first
rotor inlet stationi. For each stage specified on the input data, two additional
cards are required. Thus, the maximum number of Card Type 8 cards. is 29,
The wall slopes at axial station number one should be zero since the method
of analysis assumes them to be zero. ‘ T
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Columns 1-10. Axial coordinate station (in.)

Columns 11-20, Geometric hub radius (in,)

Columns 21-30

Blockage factor at hub expressed as fraction of geometric annulus area.
Blockage factor of unity means zero blockage.

‘Columns 31-40. Geometric tip radius (in.)

Columns 4_1—'50.» Blockage factor at tip.

CARD TYPE 9—EXIT STATION DATA, ANNULUS WALLS SPECIFIED. -

Three exit station’cards are required for the exit annulus. The axial
station data on these cards will be used if the maximum number of stages
entered on Card 5 has been computed. Otherwise, the last three exit station
axial locations will be those corresponding to the first three stations of the
non-computed stage data. The exit stations' tip radius is always equal to the
last stator exit tip radius,

Columns 1-10. Axial station location (in.)

Columns 11-20, Blank.

- Columns 21-30. . Blockage factor at hub.

Columns 31-40. Blank.

’ Columns 41-50. Blockage factor at tip.

CARD TYPE.10—FLOW PATH DATA, ANNULUS WALLS COMPUTED.

For the five inlet stations, the Card Type 8 is used., Two Card Type 10
cards are used for each stage specified on Card 5 plus 3 exit stations (Card
Type 11). Thus, the maximum number of Card Type 10 cards is 24.

Columns 1-10

Axial velocity ratio across the blade or vane row along the mean stream-
line,

Columnis 11-20

Maximum hub ramp angle for the blade or vane row (degrees). This
angle is based on a straight line relationship between stations. It is recom-
mended that a linear variation between desired rotor one hub and last stator
hub versus blade row number be used as an estimate for the first flow path -

calculation, ’
: D-6
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Columns 21-30, Blockage factor at hub.

Columns 31-40

Maximum case ramp angle (i. e. ; negative value) for the blade or vane row
(degrees). Hub ramp angle statements apply here also except tip ramp angle
is € 0° and both hub and tip ramp angle limits cannot be zero for the same
axial station. . : '

Columns 41-50. Blockage factor at tip~’.

Columns 51-60

Blade or 'vane aspect ratio based on axial inlet station annulus height
divided by axial station distance (i.e., projected chord).

CARD TY¥PE 11—EXIT STATION DATA, ANNULUS WALLS COMPUTED.

Three exit station cards are required for the exit annulus which specifies

the blockage factor at hub and tip. The axial station locations are successively.

incremented from the last station a distance equal o the last station row axial
spacing. The exit station tip radius is always equal to the last stator out tip
radius,

Columns 1-10, Blank.

Columns 11-20. Blank. -

Columns 21-30, Blockage fac.or at hub,

Columns 31-40, Blank.

Columns 41-50. Blockage factor at ﬁp. |

CARD TYPE 12~—-STREAMTUBE MASS FLOW

The fractional mass flow to total annulus flow between the hub and each

~ streamline specified on Card 5. Each value is entered in fields of 10 columns,

Seven streamline values can be entered on the first Card Type 12. If 9- or11

streamlines are specified, the additional streamline values are entered on a
second Card Type 12. These additional values are entered in Columns 1-10
and 11-20 for 9 streamlines and Columns 1-10, 11-20, 21-30,and 31-40 for 11
streamlines. The first streamline value is obviously equal to zero,
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CARD TYPE 13—INLET GUIDE VANE LOSS COEFFICIENTS

The loss coefficient, @ = (P¢t1 - P t2)/(P t1 - P1), for each streamline
from hub to tip specified at axial station 5. Two cards are used in fields of
ten if more than seven streamlines are specified as defined for.Card Type 12,
A value of zero is read in for each streamline if no vanes or zero loss is de-
sired.

CARD TYPE 14—INLET GUIDE VANE EXIT WHIRL DISTRIBUTION

The whirl distribution is given by

A B P <
Vg = Rz + R + C+ DR+ ER

where Vp is in ft/sec and R is in inches. The tangential velocity is defined as
positive in the direction of roto.. rotation. A value of zero is read in for each
specified constant if no whirl is desired. g

CARD TYPE 15—FIRST ROTOR ADIABATIC EFFICIENCY ESTIMATE

Estimate of rotor adiabatic efficiency for start of iteration. One value
per streamline from hub to tip in fields of 10 columns. Two cards are used if
more than seven streamlines are specified as defined for Card Type 12,
Succeeding rotors assume prekus rotor efficiency calculated as first esti-
mate for this rotor.

CARD TYPE 16—FIRST STAGE ADIABATIC EFFICIENCY ESTIMATE
Estimate of stage adiabatic efficiencies for start of iteration on stator

losses. One value per streamline specified from hub to tip as described for

Card Type 18, )

CARD TYPE 17— LOADING LIMIT DATA FOR EACH STAGE

Card Types 17 through 24 are placed in sequence as a group of cards for
each stage specified on Card 5,

Columns 1-10. Rotor tip diffusion factor limit,

Columns 11-20, Stator hub inlet Mach number limit.

Columns 21-30

Relative flow angle limit at hub of rotor exit (degrees). Negativé value
" gignifies turning past axial direction, )

" 2 pore oy
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Columns 31-40. Stator hub diffusion factor limits.

Columns 41-50

Maximum rotor exit tip tangential velocity permissible (ft/sec).

)

t
X
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5
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CARD TYPE 18— BLADE LOSS AND TOTAL MASS FLOW CHANGE

Columns 1-5

Rotor loss parameter data set from buffer zone of Card 4 described by

an integer identifying the position of iiie desired loss-data set in the buffer
zone,

Columns 6-10

Stator loss parameter data set from buffer zone of Card 4 described by

an integer identifying the position of the desircd loas-data set in the buffer
zone,

Columns 11-20 ’

Mass flow added to or subtracted from rotor blade row and/or annulus

walls within row (lby,/sec). This mass flow change is divided equally among
streamtubes,

Columns 21-30

Mass flow added to or subtracted from stator blade row and/or annulus

walls within row (lb,/sec). This mass flow change is divided equally among
stream tubes. '

CARD TYPE 19—ROTOR EXIT TOTAL PRESSURE PROFILE

The total pressure profile is defined by the following expression,

Py A
- 2
PtT " B+p +C+Dp+ Ep
where : ) T b
L
o - R - Ry S ;
Ry - Ry | N

Note that during design computations, this polynomial is normalized before . r
each use. That is, the ratio PthtT is set to 1.0 for p = (RT, - RHg)/(RTg - RHg).

D-9



The program user should avoid using B = 0, In the case of zero block-
age, Py, * 0 and for B = 0, the term A/(B + p) results in a division by zero

at the hub,

Columns 1-10, Constant A

Columns 11-20, Constant B

Columns 21-30, Constant C

Column- 31-40, Constant D

Columns 41-50. Constant E

CARD TYPE 20—ROTOR SHOCK LOSS PARAMETER

Shock loss calculations require the suction surface Mach number at the
incident shock location, Thus, the supersonic turning along the suction sur-
face to shock intersection based on the normal shock model must be specified.
One of two methods may be selected (Card 5, Columns 21-25), These are
(1) ratio of supersonic turning to total turning, $g5/¢é; and (2) suction surface
flow angle, 854, (degrees) at shock intersection. These data are to be estab-
lished along the strearaline airioil section. The method of input is identical
to Card Type 19 whers Py/Piy is replaced by #55/é or B;5. The program
user should beware of using 855 on the first attempt at designing a given com-
pressor. Very large shock losses can result, since it is difficult to guess
appropriate values for Bgg in advance.

CARD TYPE 21-—ROTCR SOLIDITY

Solidity, &, for the streamline airfoil section as a function of p, the frac-
tion of blade height. The method of input is identical to Card Type 19 where
P4 is replaced by,

CARD TYPE 22-—-STATOR EXIT TANGENTIAL VELOCITY PROFILE

~ Tangential velocity (ft/sec) distribution as a function of radius is given by

v, =% - § +C+DR+ER?

where R is in inches. The fields for constants A through E are identical to
Card Type 19.
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CARD TYPE 23—STATOR SHOCK LOSS PARAMETER
Identical procedure to that for the rotor on Card Type 20.
CARD TYPE 24— STATOR SOLIDITY

Identical procedure to that for the rotor on Card Type 21,
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APPENDIX D

Part B. Sample Design Problem Data Set
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